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PREFACE 


Paul J. Jaxmauh, M.D. 
Commissioner of Public Health 


This edition of an abbreviated report is being made availabie for 
limited distribution to those interested in the outstanding results of the 
mosquito survey carried out in Massachusetts in the summer of 1939 

In evaluating the figures given in the report, it must de constantly 
kept in mind thas they are largely qualitative and not quantitative, They 
represent not so much an indication of the comparative number of mosquitoes 
found in the various communities but are rather a measure of the diligence 
of the collectors and the cooperation of the boards of health and other local 
organizations. As a result the communities which geve greater assistance in 
supplementing the collections made by the W.P.A. personnel would appear at 


first glance to have a “greet variety end abundence of mosquitces than those 


in which the collections Sos Re only by the regular collectors. 

The number so dividuals and organizations who aided in this survey 
are too numerous to refer pte this preface, but references to them will be 
fcund in various portions of the report itself. Suffice it to say that the 
success of the project devended upon the cooperation of all those concerned 
and the splendid results obtained are evidence cf that cooperation. 


This survey has collected more information concerning mosquitoes 


than is available in regarc to any other comparable area in the country, The 


facts obtained will make more intelligent vlanning of control measures possible 


in the future, whether tc eliminate mosquitoes as a pest or to guard the pop- 


ulation against the spread of disease, 


Il 


TNTRODUCTION 


As a resu.t of the outbreak of equime encephelomyeiitis in 1938, 
the Massachusetts Department of Public Health decided thav plans should be 
made to prevent the disease in the future. A committee called together by 
Dr. Paul J. Jakmauh, Commissioner of Public Health, considered the problem 
in detail and decided that the most pressing necd was complete information 
in regard to the most probable vector, the inosquito,. At the urgent request 
of the Commissioner, Governor Leverett Saltonstall presented the following 
message to the General Court of liassachusetts; 
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The Comnonwealth of Massachusetts 


————— a 


Executive Department, 
State House, Boston,April i2, 1939. 


To she Honorable Senate and House of Representatives: 


House Bill No. 399, A resolve providing for an in-= 
vestigation by the Department of Public Health, in co- 
operation with the Federal Works Progress Acministra~ 
tion, relative to the varieties and prevalence of certain 
kinds of mosquitoes in the Commonwealth of Massachusetts, 
calls for an appropriation in the aggregate of $17,500. 
This sum will be the Commonwealth's contribution to the 
cost of the investigation and will permit the Department 
of Public Health to investigate in co-operation with the 
Federal Works Progress Administration, the prevalence and 
the seasonal and geographical distribution of. mosquitoes 
throughout the Comnonwealth. 

Last summer there was an epidemic of eucephalomyclitis 
in certain purts of our Commonwealth. This is an extremely 
dangerous disease to young people and there is ‘considerable 
fear among the authorities that there may be a recurrence 
of this epidemic in the coming sumner months. Work-with 
relation to mosquitoes, to be effective, must.be done in 
the month of May. 

I, therefore, recommend this appropristion:-to be made 
in advance of the budget, 


Leverett Saltonstall, 
Governor of the Commonweslth. 


ea er 


Cage eae 


ee a een 


Se a 


On May 9th, the Department of Public Health was authorized to 
conduct the Survey by the following resolve: 


(Chape 14) 


RESOLVE PROVIDING FOR AN INVESTIGATION OF THE DEPART- 
MENT OF PUBLIC HEALTH, IN CO-0PSRATION WITH THE FED-- 
ERAL WORKS PROGRESS ADMINISTRATION, RELATIVE TO THE 
VARIETIES AND PREVALENCE OF CERTAIN KINDS. OF LOSQUI- 
TCES IN THE COMMONWEALTIL OF MASSACHUSETTS. 


Resolved, That the department of public health is 
hereby authorized to investigate, in co-operation with 
the Federal Yorks Progress Administration or its suce- 
cessor, the prevalence and the seasonal and geograph- 
ical distribution of mosquitoes throughout the comon- 
vealth.For said purpose said department. may expend for 
services, other than services of said Federal Viorks 
Progress Administration or its successor, and for trav- 
eling expenses, supplies, materials and equipment, a 
sum not exceeding seventeen thousand five hundred dole 
iars, which sum is hereby appropriated from the Gener- 
al Fund or ordinary revenue of the commonwealth in ad- 
vance of final action on the general appropriation 
bill, pursuant to a recommendation of tne governor to 
thet effect. Said department shall repors its recome= 
mendations, if any, together with drafts of legisla- 
ticn necessary to carry such recommendations into effect, 
by filing the same with the clerk of the house of rep- 
resentatives on or before the first Wednesday oi Decem= 
ber in the year nineteen hundred and forty. 


Approved May 9, 1939. 


One month later, the Work. Projects Administration approved the expendi- 
ture of federal funds and the Survey was officially started on June 12th. 
This investigation wes an activity of the Division of Comaunicable Diseas- 
es of the Department of Public Health and was made with the cooperation of 
the Work Projects Administration which furnished a personnel of one hun- 
dred fifty. Collections were started on June 22nd and continued through 
December Sth, 1939, About 15% of the specimens were submitted by volun- 
teer collectors who were enrolled through cooperating boards of health and 
other interested agencies. 


The Director of the Division of Communicable Diseases, Roy fF. 
Feemster, M.D., Dr. PeH. and the Technical Director of the Mosquito Sur- 
vey, Vlado A. Getting, U.D., Dr. P.H. planned the organization of the 
Survey in March 1939. The latter has continued to devote the larger 
portion of his time to this investigation, has directed the technical 
work and has compiled the final report. The entire W. P. A. personnel 
was under the direction of the Project Supervisor, William A. Hogan. 


This report is an account of the findings of the investigations 
made during the Survey. It is divided into three parts: 


IV 


Part One Mosquito-borne Diserses in Massachusetts 
Part Two The Administration of the Mosquite Survey 
Part Three Massachusetts Mosquitoes 


The first part is an onelysis of the 1938 outbreuk of equine encephalomyeli-~ 
itis, of malaria, of other mosquito-borne diseases which are prevalent or 
may become prevalent in the state and of their control. The second part is 

a description of the organization of the project and of the methods used in 
the collection, recording ond analysis of data. The third part is o record 
of the facts collected by the Survey and the conclusions which were made con- 
cerning equine encephalomyelitis and malaria as a result of these findings. 
Collections of mosquitves were made throughout the Cormonwealth by the person- 
nel of the Survey. In some areas volunteers greatly increased the number of 
specimens submitted for identification. From Cape Cod and severai other a- 
reas, many more collections were submitted through the cocperation of Mosqui- 
to Control Projects, These incrensed collections do not indicate that mos- 
quitoes wers more numerous, As a matter of record, mosquitoes were often 
less numerous in these creas ond the larger number of specimens was a result 
of more extensive and thorough collecting. 
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CHAPTER I 


EQUINE EIICEPHALOMYELITIS 


The Mosquito Survey was organized as a result of the 1938 out- 
break of equine encephalomyelitis among humans, animals, and birds in 
southeastern Massachusetts. The outbreak constituted the first time that 
the disease was recognized in this States moreover, it was the first time 
that equine enccnhalomyelitis was demonstrated to infect species other 
than horses and mules, Equine encephalomyelitis is a newly recognized in- 
fectious virus disease. Comparatively little is known of this virus which 
has a broad host selectivity. Its economic importance, however, is great, 
as it kills thousands of horses and mules evory year. Laboratory experi- 
ments have demonstrated that many species of small maimals and birds are 
susceptible. With its recognition among humans, the disease has become a 
great unsolved problemga problem which requires study in an effort to ar- 
rive at somo method for its control, 


The mosquito has been proved to be able to transmit the disease 
experimentally, but, as yet, the role of the mosquito as a natural voctor 
of equine enccphalomyclitis has not been established. The objectives of 
the Mosquito Survey were to collect and dctermino the various species of 
mosquitoes present in Massachusetts; to obtain data on the geographical 
distribution and the scasonal predominance of the diffcrent species; to 
ascortain the possible relationship of these mosquitoes to certain dis-e 
eases which are transmitted by those insects; and, in particular, to es- 
tablish whether the presumptive vectors of cquine cncephalomyelitis are 
truce or merely laboratory vectors. 


VARIETIES OF LQUIIIE ENCEPEALOMYELITIS. Equine encephalomyelitis is a 
disease which may be due to one of four different varieties of virus. 
However, the clinical picture produced by each variety ranges from a mild 
and subacute form to one which is fulminating and acute, Similarly, the 
varieties may be separated by their immunological and serological charac- 
teristics, 


In the United States,only the western and castern varieties are 
known to occur, The western is limited to the area west of the Appalach- 
ian Mountains; opizootics of this variety among horses have been charac- 
terized by a high attack rate, a low fatality rate, and a subacute. form 
of this disease. The eastern variety, on the other hand, has been known 
to occur only along the Atlantic scaboard. In 1939, both the eastern. . 
and westorn varictics were isolated in Alabama. Epizootics of the 
eastern varicty are characterized by a low attack rate, a high fetal- 
ity rate, and a more acute and fulminating type of disease. Both vare 
ictios have been demonstrated to infoct humans. However, since only a 
few cases of the disease have been recognized, it.is impossible to describe 
the characteristics of infection with these varicties in man. Noeverthe- 
less, with the information on hand, it scoms likely that the western var- 
iety of this disease in man may be in many instances. sub-clinical or mila, 
whereas the castern varicty causes an acute and fulminating type of @4 scase 
not unlike that in horses, 


EXPERIMENTAL MOSQUITO TRANSMISSION The first successful laboratory trans- 
mission of equine encephalomyelitis by the bite of a mosquito was made by 
Kelser in 1933. This investigator, after many unsuccessful attempts was 
able to transmit the virus of western variety by the bite of the tropical 
fhedes aegypti mosquito, During an epizootic of a similar disease along 
the Chesapeake Bay coast line, Ten Proeck and lerrill observed that cases 
occurred on farms which were separated by more than ten miles and between 
which there had been no contact. Moreover, these cases due to the eastern 
variety were limited to a peculiar geographical distribution. Upon fur- 
ther investigation, they found that this distribution was like that of the 
common salt marsh mosquito, Aedes sollicitans, The following year, Mer- 
rill, Lacaillade and Ten Broeck were able to transmit both the eastern and 
western varietics to laboratory enimals by the bite of this salt marsh mos- 
quito. The significance of this mosquito transmission with the local mos- 
quito whose distribution corresponded to that of the outbreak was et once 
apparent. During the 1935 outbreak of equine cncophalomyelitis in Mary- 
land, Giltner and Shahan triturated in saline and injected into numerous 
guinea pigs 1,300 mosquitoes of various species collected from a region 
attacked by the disoase. All these experiments were negative. However, 
with our. present knowledge of viruses, it has become evident that these 
experiments were inconclusive, as the virus in the trituratcd mosquitoes 
was dead by the time the cxporiments were performed. 


TABLE I 
MOSQUITO VECTORS OF EQUINE ENCEPHALOMYSLITIS 


Name of Mosquito Western MJHastcrn Occurrence 
Variety . Variety in Mass, 


Aedes aegynti 

As sollicitans *‘ 

A. eantator 

A. vexans 

‘A. triscrictus 

A. atropalpus — 

A. taeniorhynchus 
“ A. dorsalis 

A. albopictus 

A, nigromaculis 
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liany investigators have experimented with the mosquito trans- 
mission of this disease. At first, these experiments were difficult to © 
interpret, due to the varying conditions under which they were performed. 
At the present time, there are seven species of mosquitoes which have been 
demonstrated experimentally to transmit the eastern variety virus to labe 
oratory animals. The western variety has been transmitted by cight species 
of mosquitoes. In all instances of transmission, the mosquito concerned 
belonged to the genus Acdes. Transmission experiments with tho other gon-= 
era of mosquitoes, Culex, & Anopheles, Theoteldia, Mansonia, yeomyia and 
Uranotaenia, have thus far been negative. Table’ I gives a summary of the 
transmission experiments, It is apparent that some mosquitoes have been 
shown to transmit one variety of the virus but not the other. So far as 
is known, there is no biological reason why any specios of mosquitoes 


should be able to transmit one variety of equine encephalomyelitis virus 

and not the other. It is believed that eventually experiments will show 

that if a specics can transmit one variety, it can also transmit the oth- 
er. In all, there are ten species of Aedes mosquitoes which have trans- 

mitted the virus experimentally; but it is likely that they are not of e- 
qual importance as vectors. Further investigation is needed to determine 
which species are natural vectors and which aro the important ones. 


OTHER METHODS OF TRANSMISSION A discussion of the epidemiology of equine 
cneephalomyelitis would not be complete without montion of other experi- 
mental and field data, Laboratory expcoriments repeated by various workors, 
have demonstrated that equine encephalomyclitis is not transmitted by di- 
rect contact. Susceptible animels, which wore caged with infected ones, 
failed to contract the disease in spite of the intimate contact. Field ob- 
servations during epizootics revealed that multiple infections of horses 
in the same stable or on the same farm were rare. The evidence is, there- 
fore, against infection by direct contact, 


In 1936, Syverton and Berry demonstrated that Dermacentor 
andersoni, the Rocky Mountain wood tick, was capable of transmitting exe 
perimentally the western variety. The continuity of the virus through 
ell stages in the development cycle of the tick, including survival through 
the egg stage, was definitely demonstrated, There is in ticks, therefore, 
a potential vector and reservoir, especially during the winter months when 
cases of equine encephalomyelitis ere rare and the ticks are hibernating. 


Besides ticks and mosquitoes, experiments on other potential in- 
sect vectors have been made, especially on those that habitually bite hor- 
ses and mules. Riley studied the insect transmission of disease due to 
filterable viruses and corcluded that the stable fly, Stomoxys calcitrans, 
the horsefly, Tabanus punctifer, and the hornfly, Haematobia serrata, were 
not capable of being vectors of equine eucephalomyelitis. 


CONCLUSIONS ON TRANSMISSION The seasonal occurrence of equine encephalo- 
myelitis during the middle of summer and early autum, and the sudden ond 
of the outbreak with the arrival of killing frosts, strongly support the 
laboratory evidence of insect transmission. Although there is no evidence 
that infection in nature is caused by mosquitoes or ticks, both of these 
are potential vectors. The theory of mosquito transmission merely awaits 
confirmation by the finding of naturally infected mosquitoes. The proof 
of mosquito transmission of yellow fever required thirty years; and it is 
probable that some time may elapse before the mosquito is finally estab- 
lished as the true vector of equine encephalomyelitis. situ 


In a disease with a ‘broad host selectivity such as equine enceph- 
alomyelitis, it is not unlikely that the reservoir of the disease may be 
found in one or more animals, Syverton and Berry suggested that small 
rodents, the gopher in particular, which they found susceptible in experi- 
ments, may be the reservoir. Ten Broeck suggested that birds may be the 
reservoirs. -Several, investigators have carried out experiments on the 
susceptibility of birds and animals to equine: encephnalomyelitis. Recont- 
ly, Davis has domonstrated that the eastern variety virus remains in the 
circulating blood of birds for a period of three or four days. These 
birds rarely showed more than mild symptoms, and .continued .their feeding 


as though they were perfectly well. These findings suggest that birds 
may be the natural host of the disease and that the disease has been re- 
cently introduced to horses, which have no natural immunity to the dis- 
easee The recognition of the occurrence of the disease in man is most 
recent. Thus far, all infections of man have occurred during the epi- 
zootics of the disease in horses; and it is likely that human infections 
may be en overflow phenomenon of the disease from the natural hosts dur- 
ing pandemics of the disease. 
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CHAPTER II 


THE MASSACHUSETTS OUTBREAK 
F 
EQUINE ENCEPHALOMYELITIS 


EPIDEMIOLOGY In July, 1938 for the first known timo, cquine encephalo- 
myolitis was found to infect horses in southeastern Massachusetts.In the 
course of about ten weeks, 269 deaths were reportod, The goographical 
distribution of deaths in horses and cases in humans is given in lap I, 

The disease made its first «ppecrance in the basin of the Taunton River 
which drains through nearby Rhode Island, The outbreak spread in a north- 
easterly direction into the upper parts of the Taunton Rivor drainage area, 
There were relatively few casos to the south and southeast and none on Cape 
Cod, which is separated from this areca by Buzzards Bay and Cape Cod Canal, 
The outbreak spread northward to metropolitan Boston and isolated cases oc- 
curred as far north as Meine and as far west as Worcester, About 70% of the 
cases among horses in Massachusetts occurred in a thirty mile square, ex- 
tending from the mouth of the Taunton River in the south to Boston on the 
north, and from the boundary of Rhode Island, eastward to the coast of Mass- 
achusetts, Rhode Island to the west reported 55, and Connecticut 29 cases. 


During the swamer and early autumn, rainfall in southeastern 
Massachusetts and Rhode Island was unusually heavy, and as a result mos- 
quitoes. were unusually prevalent in-these areas, The prevailing winds in 
thet region are from the southwest; and since the outbreak spread in a 
ee neny direction, it is suggested that infectious mosquitoes may 
have been carried by these winds and may have quickened the spread of the 
epidemic, Horecs which were epparently well were moved from one country 
fair to another; in one such instcnce a horse was moved thirty miles from 
an area where the disease was prevalent to the northeast to a town near 
the coast, Although without symptoms when moved, the horse became ill on 
the following day and a diagnosis of equine encephalomyclitis was proved 
by the isolation of the virus from its brain. Thus, the movement of in- 
fectious horses may have. been a factor in the spread of the disease,Dur- 
ing the outbreak, Fothorgill and Dingle isolated the eastern typo of vi-+ 
rus from the brains of a pigeon that died in: southeastorn Massachusetts, 
and Tyzzer, Sellcards and Bennett isolated the same virus from the brains 
of ring-necked phvecsants from Connecticut, These findings suggested that 
birds may be the resorvoirs of athe discase and were factors in its spread. 


Almost simaltanéously, in the game area, 0 nel type of enceph- 
alitis appeared among children, ‘This outbreak of encephalitis among hu- 
mons was the first lnown infection of man with the egstern variety of e= 
quine- encephalomyelitis virus. The prevalence of the disease among hors- 
es and humans is given in Figure I, The median date of roported deaths 
among horses occurred during the week ending August twonty-seventh, or two 
woeks' in advance of the median date of onset for cases in humans. Appare 
ently, the peak of the outbreck omong horses preceded that of the outbreak 
omong humans by an interval of over two weeks, Althcuvh the prevalence of 
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the disease was much greater among horses than among humans, the rise and 
fall of the outbreak in these groups was the same.The outbreak began slow- 
ly without increase for four weeks; and then rapidly reached its peak in 
two weeks, Rewaining at this peak level for about a week, the outbreak 
subsided more slowly than it began. The last case was reported late in 
Cetober, sixteen weeks after the beginning of the outbreak. 


There were no multiple cases among families, and multiple zases 
on the same farm or in the same stable were rare among horses,.These field 
observations confirmed experincntal evidence that the disease is not trans-= 
mitted by contact. 


ANALYSIS OF CASES IN MAN In 1938, Foemster reported on the 
outbreak, Additional data has been collected since this roport was made. 
Forty-four suspectod cases of equine encephalomyelitis have been investi- 
gated. from nine of the patients Fothorgill ct al and Webster and Wright 
isolated the castern virus. The seme workers established the diagnosis 
of equine encephalomyeclitis in ten other instances by finding noutraliz- 
ing antibodics for the same virus in the blood of these paticnts. Eight 
other cases were diagnosed on the basia of pathognomonic brain lesions 
at autopsy. These autopsics were performed by Branch, Farber and Alexan- 
der, A diagnosis of equine enecphalomyclitis was considcred justifiod in 
seven aiditional pationts because of the charactcristic clinical findings, 
These casos were fatal and were not autopsicds blooc spocimons for neues 
tralization tests were not obtainod. Ten other cases were suspectod of 
boing duc to the eastern varicty virus, but investigation revealed that 
a& diagnosis of cquine encephalomyelitis was unwarrented. In all, thero 
were thirty-four patients in whom the diagnosis of infcction with the cas- 
tern varicty virus was accepted by the Massachusetts Department of Public 
Health °. é 


1938 MOSQUITO SURVEY As soon as the truc nature of the equine oncephalo- 
Mycelitis outbroak was roclized, tho Massachusetts Dopartmont of Public 
Health, with the assistance of the United Statcs Public Health Service, un- 
dertook the organization of a mosquito survey. A small group of collogeé 
studonts, who had had biological training, was cmployed for this Survoy. 
Collections were begun late in Septonibcr and wore limited to those towns 
in southeastern liassachusetts where cascs of equine enccphalomyelitis were 
most numerous. On Septcmbcr 21, a severe hurricane swept over New England; 
the ‘storm lasted several hours and tho wind damege was great. As a result 
of this storm, many mosquitoes were destroyed; adults were killed by heavy 
wind and larvae succumbed duc to the heavy rain ond disturbance of the-wa- 
ter surfaco. The collections of specimens which were made subsequent to 
the hurricane are, therefore, not represcntative of the normal prevalence 
of these insccts. The vast majority of the specimens collected in October 
were Culex and Anophcles. Only « fow Acdcs specimens were collccted.These 
findings do not reprosent the actual distribution of mosquitoes during the 
continuation of the outbreak, which reached its poak about the middle of 
August. Hund 


OBJECTIVES OF THE 1939 SURVEY Since information conccorning the distribu-. 
on and prevalence of the presumptive mosquito voctors was required be= — 
fore an attempt to control them could be made, it was decided to make ane 
other effort to collect the data during the onsuing summer. A study of the 
history of equine enccephalomyelitis reveals that the disease often recurs © 
in tho’ same region in succceding years, Therefore, during the early months 
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of 1939, the Massachusetts Department of Public Health began to make plans 
for a State-wide mosquito survey. The objectives were to ascertain the 
true status of mosquitoes as vectors. to find naturally infected mosquitoes 
if the disease recurred, and to collect data on the distribution and preva- 
lence of the presumptive vector, This information would, then, be applic-_ 
able to the control of the discase if it were to recur. - 


As a survoy of this type would make collections of all species of 
mosquitoes, it was decided to utilize this opportunity to collect data on 
the distribution and prevalence of all mosquitocs; to make a study of the 
ecological and cntomological factors which influcnced the breeding of the 
various specios, and to record this information in such a way that it could 
be ‘used by the State Reclamation Board, which is in charge of all mosquito 
control work in Massachusetts, In this way the objectives of the Mosquito 
Survey were enlarged to encompass the collection of all data that could be 
obtained concerning mosquitoes which were prevalent in Massachusetts, and 
to determine the relationship of mosquitoes to those discases which are 
transmitted by these insccts in Massachusetts; namely, equine encephalomye- 
litis ond malaria, 
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CHAPTER III 


OTHER MOSQUITO-BORNL DISEASES 


Equine encephalomyelitis end malaria are the two most im- 
portant mosquito-borne diseases in Massachusetts. However, there are 
certain other diseases, some of which are and some of which are sus~ 
pected of being mosquito-borne and which cither occur or may occur in 
this state. ; 


These diseases have been placed.into three groups in Table II, 


All of them havo occurred in the United States and are, therefore, con- 
sidered as possible invaders of Massachusetts. 


TABLE II 


Disease with Proved end Suspected Mosquito Transmission 
in the United States 


Proved Laboratory Suspected 
Mosquito Mosquito Mosquito 
Transmission Transmission Transmission | 
Malaria * Equine * Poliomyelitis * 

Eneephalomyelitis ; 
Yellow Fever ** Lymphocytic * St. Louis -« 

_Choriomeningitis Encephalitis 
Dengue ° 


Filariasis ¢ 


* Currently present in Massachusetts 


** Formerly 43 4 3 


. Not known to be indigenous in Massachusetts 


Diseases With Proved Mosquito Trensmission 


MALARIA 

Malaria is the most widely distributed mosquito-borne disease 
in the world, It has caused more suffering and death than any other 
Single insect-borne disease. This disease has caused the downfall of 
groat empires, the abandonment of cities and fertile areas, and today 
is still a great problem especially in tropical and sub-tropical coun- 
tries. 
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In Massachusetts malaria has existed from early colonial times. 
Although the reports of the disease prior to the twentieth century are 
not wholly reliable, it is apparent that there has been at least three 
epidemic waves of malaria in Massachusetts. 


The first epidemic in Massachusetts took place at the close 
of the cighteenth century and existed in the western portions of both 
Massachusetts and Connecticut along the Housatonic River Basin. The 
second epidemic of malaria appeared in Connecticut in 1850 and spread 
to western Ilassachusetts where the discase persisted until about 1870. 
The third epidemic of malaria began in New Haven in about 1850 and con- 
tinued to spread northward reaching Springfield in 1870. From there the 
disease spread in a-northerly direction up the Housatonic and Connecticut 
Rivers. This last epidemic wave continued to harass the state until the 
end of the first decade of the twentieth century. 


Mortality Statistics Deaths from malaria were made reportable as early 
as « At first these were reported as intermittent fever and remit- 
tent fever, from 1855 to 1900 the terminology of this disease was changed 
to ague end remittent fever, from 1901 to 1911 to intermittent fever and 
malarial cachéxia, and finally, from 1912 to date the disease was re- 
ported as malaria, 


‘A study of the reported deaths reveals that there have been 
several pecks during the past one hundred years. The first poak was 
reached in 1864 and was associated with an importation of the disease 
in Union soldiers who returned from the Civil War. A second and much 
larger increase in deaths due to malaria began to manifest itself in 
1880 and continued until 1898 when the deaths began to decrease again. 
This sccond wave of malaria, as recorded in these reports, was caused 
by two factors. The first was an cpidemic of malaria in Massachusetts 
which has. alrcady been discussed. This outbreak persisted for many years, 
and did not completely recede until the end of the first decade of the 
twenticth century. The discase was associated with an outbreak spread- 
ing northward from Connecticut and with the settlement in Massachusetts 
of immigrants from countries in southern Europe where maleria had a high 
index, The offect of the Spanish American War on this disease is seen 
in the peak of 1898; during this year many soldiers returned to Mass- 
achusetts, after contracting the disease in Florida and Cuba. 


With the turn of the twenteith century malaria deaths began 
to decrease rapidly and reached a now low in the late twonties, Deaths 
from malaria everage 1.8% during the last ten years. This indicates o 
case fatality of 8.9% on « basis of the reported cases over. the same 
period. 


liorbidity Statistics It was not until 1914, however, that melcria it- 
self was made reportable, wnen the State Department of Public Health de- 
clared it to be « disease dangerous to the public health. At this time 
malaria was endemic in several places within Massachusetts. From the 
geographical distribution of these cases it is apparent that there were 
several outbreaks of the disease within the past twenty-five years. 
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In 1915, the first year for which the figures are complete, 
the reported incidence of maicria was the greatest. Since then the 
disease has a continued decrecsing geometric trend and has reached an 
extremely low level in the past five ycars. Malaria was prevalent in 
Boston from 1915 to 1928, However, most of these cases were in sail- 
ors who had acquired the infection in tho tropics and were hospitalized 
in this.city. Some of tho cases, however, were definitely connected 
with a new sewer project where Italian labor was omployed. The high 


“ineidence cf malaria in Cholsea from 1928 to 1935 is cxpleined by the 


fact, that the United States Marine Hospital is located here and it re- 
ceived many ssilors from foreign countries. The epidemic prevalence 

of 1918 in Ayer was due to the presence of large numbers of troops at 
Camp Devens, some of whom were from the south, 


In all there are three areas in Massachusetts where malaria 
has existed within the past twenty-five yoars, In each instance the 
disease has ceased to cxist in the area more than ten years ogo. These 
threc places are: 


(1) The Charles River Drainage Area, where the disease was 
prevalent from 1915 to 1921, Here the disease apparently occurred first 
in Natick and Newton end spread to the neighboring communities of Ded-= 
hem, Framingham and Wellesley. The town of Dedham has e« large Italian 
colony; and this is also true of Milford in the upper part of the Charles 
River where malaria was prevalent from 1919 to 1924, It is important 
to note that malcric was not made reportable until 1914 and, consequently, 
there is.no date on its incidence in this area pricr to that year. .0Ol- 
der residents of this Charles River Basin ‘state that maluria was quite 
common in thoir childhcod during the first decade of the twentieth cen- 
tury.. It is not unlikely that it may heave been a hangover from the ep- 
idemic wave of the last quarter of the ninetecnth century. Unfortunately, 
thero wero many more casos of malaria in this region than were reported. 


(2) The second region where malaria seems to have been endemic 
from 1915 to 1921 is the Blackstone River Basin, in particular the towns 
of Uxbridgc, Douglas and Northbridse. 


(3) The third endemic region can be roughly described as the 
Taunton River Basin. Here malaria persisted from 1915 to 1922. The 
some etiological factors were respousible for disease in these regions, 
as in the Charles. River Area, 


Malaria Acquired in Massachusetts Tho Massachusetts cases can be di- 
viced into two major groups, intra-state infections and out-of-state 
infections. An analysis of the cases reported during the ten years 1930 
to 1939 inclusive reveals that tho vast majority of the cases are out- 
ofestate infections. These are principally among immigrants who acquired 
the infections prior to their arrival in Massachusetts, travelers -who 
became infected during their sojurn outside of the state, and among sail- 
ors who acquired the disease in the tropics and sub-tropics. 


The second groups of cases consisted of those who acquired their 
infection within the boundaries of Massachusetts. These native infections 
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are composed of three categories of patients. The first, and largest, 
consists of therapeutic infections among patients in mental disease 
hospitals; second, and smallest, is the group which received accidental 
infections by the medium of transfusion from a person who was an unsus- 
pected carricr of the malaria plasmodium in his blood stream; third, and 
most important, were the naturally acquired infections, which presumably 
resulted from the bite of infectious mosquitoes. Within the ten year 
period studied, 1930-1959, there were only eleven instances where nat- 
ural infection within Massachusetts was probable. These cases were scat- 
tered throughout the Commonwealth and there is no evidence to suggest 
that thore was any connection between them. In several instmces, namely, 
two children who acquired the infcction during 1938, there were malaria 
cases in the samc or a neighboring household. However, the source of the 
infection in the other nine cases has not been established. 


YELLOW FEVER 

Yollow fover is transmitted principally by Aedes aegypti. Ex- 
perinentally,. twenty-one other species of mosquitoes, Simmons, ices been 
demonstrated to transmit this disease. However, neither the natural 
vector nor the experimental vectors gre indigenous to Massachusetts. In 
colonial times yellow fever appeared in New England. It was brought to 
port citics by sailing vessels which came from areas in the tropics and 
sub-tropics where yeilow fover was endemic. The mosquito, Acdes aegypti, 
was ablo to survive on board these ships, breoding in water casks. Unie 
der favorable meteorological conditiens and «a temperature of over 72° F 
Acdes aceypes were able to survive ond breed, and transmit the virus in 
northern climates until the errival of colder woathcr. In this way, yoel- 
low fover appearod charcactcristically in the summer and disappeared early 
in autumn. The outbreaks were limited to the vicinity of the seaports 
to which the vector was brought by the vessels. As Acdes ponies is un- 
able to survive through the sevore winters of the United Statcs, yollow 
-fever did not reappear on subsequent years unless it wis reintroduced in- 
to the semc region. Yellow fover may reappear in Massachusetts only if 
infegted Acdes aegvnti are imported, if these mosquitocs brecd in large 
enou;. numbers to be temporarily established, ond if the infected mos- 
guitoes bite néople, who, in turn, infect Aedes ae ti. However, tho 
inportation of yellow fever is highly improbable, not only because of the 
lack of brooding places on modorn steamships, but chiefly because of the 
efforts of the United States Public Health Service, which quarantines 
cll vessels and airplenes which come from arcas where the disease is en- 
demic, or takes such meusures as to ensure the deserystion of Aedes aegypti 
on board ships or planes. 


DENGUE 
Dengue has never been known to exist in Massachusetts, although 
it has spread in cpidemic waves through several of the southern states. 
It is trensmitted by Acdes acgypti and Aedes albopictus, both of which 
are tropical or sub-tropical mosquitocs. As with yellow fevor, the 
mosquito does not become capable of trensmitting the virus until cafter 
on. extrinsic period of incubation. The vector remains infectious for 
life and is, apparently, not injured by the infecting agent. Dengue, 
like yellow § fever, econ occur in epidemics only whore 
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there is a certain numerical relationship between the vector, the nun- 
ber of cases end the number of susceptibles in the community. This 
disease may appear in Massachusetts under the same conditions as yel- 
low fevor, To date there is no record of its existenco in Massachusetts, 
but due to its proximity. it seens that, statistically, the chances of 

its introduction into the state ere greator than that of yellow fever. 


FILARIASIS ; 
Filariasis, due to Wucheria bancrofti, is transiuitted, prin- 
cipally, by Culex fatigans and Aeces variegatus.. In all twenty-nine 
specics of the gonera Culex, Aedes, Mansonia and Anopheles have been 
dericnstrated to transmit’ the disease experimentally. This disease is, 
in the main, restrictec to tropical and sub-tropicel regions. However, 
indigenous cases have occurred in Scuth Carolina, Since most infections 
do not present any clinical manifestation, the prevalence of the cisease 
is difficult to estinate. The ciscase has not shown any evicence of 
extending to neighboring areas, and the chance of this cisease reaching 
Masscchusotts is very small, 


Diseases in which Mosquitc Transmission has been Demonstrated 


EQUINE ENCEPHALOLIYELITIS 

Equine encephalomyelitis has been discussed in great detail,. 
The laboratory demonstretion of mosquito transinission is confirmed by 
epidemiological observations. To date, naturally infected mosquitoes 
have not been found. However, it was not until 1931 ond 1938 that mos- 
quitoes naturally infected with yollow fover were collected, years after 
the mosquito transmission of this disease was demonstrated by Reed, The 
collection of mosquitoes naturally infected with equine encephalomyelitis 
may not be accomplished for iany years. 


LYMPHOCYTIC CHORIOMENINGITIS . 

Lymphocytic choriomeningitis, o« newly recognized virus disease, 
has been experinentelly transmitted with Aedes aegypti by Coggeshall. 
The Cisease was first Uescribec by Wollgren in 1925, The virus was is- 
olated by Armstrong and Lillie in 1934. The disease infects all ages 
and. both sexes. Blackfen describes it as a seasonal Ccisease with a 
majority of the cases occurring during winter end early spring. Ex- 
periments have demonstrated that although infection may be acquired 
through an abraded skin, that it is not spread by direct contact. Eval- 
uation of the above experimental mosquito transmission is not yet pos- 
Sible. If this cisecase has a mosquito vector, it must be some mosquito 
other then Acdes aegypti, as it has occurred in regions where this species 
is not found. The possibility of other arthropodal vectors must be con- 
sidored. 


To date there is no report of the isolation of the virus of 
lymphocytic chorioneningitis from man in Massachuse stts. Several clin- 
‘ical diagnoses have been meade, but none have beon reported as confirned 
by serological examination. Laboratory workers who have handled the 
disease, ‘have developed immunity as demonstrated by mouse protection 
tests. In-invostigations of routine sera from diagnostic laboratories, 
several positive protection tests have been obtained. Naturally infected 
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mice have been cemonstrated in Massachusetts. Epidoamics of the di- 
sease have occurred in Los fngeles. Whether or not it may occur in 
Massachusetts in epidemic form is impossible to foretell. The mos- 
quito transmission of lymphocytic choriomeningitis neods confirmation 
before it can be accoptec. If Blackfan's observation of the peak in- 
cidence of the disesse in winter ond early spring is confirmed, thon 
some other crthropodal vector may be responsible for its spread. The 
transmission of this disease by Dermacentor andersoni has been reported 
by Shaughnessy onc Milzer. They were able to infect guinec pigs by 
the bite of nymphs which had been infected in the larveal stage. Feces 
from infected ticks, when rubbed into the abraded skin of guinea pigs, 
likewise transmitted the diseaso, 


Diseases with Suspected Mosquito Tronsmission 


POLIOMYELITIS 

Poliomyelitis has been suspected of insect. transmission be- 
cause of certnin epidemiological features, Several arthropods as body 
lice, Pediculus vestimenti, heac lice, Pediculus capitis, becbugs, Cimex 
lectularis, fleas, flics, Calliphora vomitoria and husca domestica have 
yielded nogative results in attempts to isolate the virus from their 
bodies. Attempts to transmit poliomyelitis by bites of insects have been 
uniformly negative. 


“Noguchi and Kudo attempted to transmit poliomyelitis to liccacus 
monkeys by Culex Bees. They fed young Inrvae with the virus in the 
volluted water in which they were growing and allowed the emerged adults 
to bite monkeys. These experiments were nogative. Attompts to transmit 
the disease by the bite of mosquitoes who had formerly fed on infected 
monkeys were likewise negative in expcrinents conducted by these inves- 
tigators. Floxer and Clark were ungble to demonstrate the survival of 
poliomyelitis virus in Culex pipiens, Acces sollicitans ond Aedes cantator 
after they had fed upon infected monkeys. Simmons, Kelser and Cornell 
unsuccessfully cttemptec to transmit poliomyelitis to monkeys by Aedes 


aegypti. 


“The mosquito transmission of poliomyelitis is highly improbable 
because of the very nature of the disease. The virus has not been den- 
onstrated to be present in tho blood of human beings st any stage of the 
disease. The inconstant presonce of even small amounts of virus in the 
blood of experimentally infected monkeys, tho large smount of virus re- 
quired to produce even inconstant infections by the intravenous route, 
and the contemplation of the relatively small amount of blood which a 
mosquito could trensfer even after en interrupted meal exclude the theory 

of mosquito transmission. ; 


Although the majority of cases of clinical poliomyelitis ap- 
pear in the summer, the disease continues throughout the year.  There- 
fore, the mosquito, which, except for a few lethargic adults, is hiber- 
nating, cannot be classified as the vector; this fact is confirmed by 
winter epidenics of poliomyelitis. If poliomyelitis is a mosquito-borne 
disease, the vector nust be world wide in distribution, as the disease 
has occurred on all continents. To our kmowledge, there is no insect- 
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borne disease which has such’a universal distribution. Our observa- 
tions here in iassechusetts indicate that there is no correlation be- 
tween the prevalence of mosquitoes and the existence of the disease. 
1938 was a year when mosquitoes were unusually prevalent, yet polio- 
myclitis remained at « very low subcpidemic level of only 18 casos, as 
comparcd with the tricentril mean of 168 for the past nine years. In 
1939, mosquitoes were much less prevalent than usual, nevertheless, the 
number of poliomyelitis cases increased to 76, four times as great as in 
1958 If this disease were mosquito-borne, the opposite phenomenon 
would be expected. In conclusion, it may be soid that oll epidemiolo- 
gical end exverinontal investigation indicates that poliomyelitis is 
not transmitted by mosquitoes. 


ST. LOUIS SNCEPEALITIS 

St. Louis cucephalitis is a specific virus discase which can 
be serologically distinguished from othor encephalitides. This disease 
has rocurred for sevoral years in the middlco and far western states. 
It is typically a lave sumacr ond carly autumn disease. In 1933, the 
forious St. Louis outbreak started carly in August, reached a peak early 
in Soptember, ond ended vith the. onset of cold weether in October. Mete 
corological conditions were unusual at this time in St. Louis. The city 
experienced less rain in that sumner than in any year since 1837. Many 
open drains containing stagnant water became breeding places cf mosquitoes. 
Because of the abundcnce of these insects during the outbreak, investi- 
getions were undertaker to’ doternine * mosquitoes can transmit the di- 
sease. Simmons and Cornell fed Aedes acgypti on patients admitted to 
the hospitals of St. Louis, and thercefter permitted the mosquitoes to 
bite experincntal animels. All these experiments were negative. Leake, 
Musson and Chove carried cut ore oxtensive experinents with Culex pipiens, 
Anopheles quadrimaculatus smd Acdes aegypti. The results were all neg- 
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ative, Léake concludes: "In spite of entire failure under a wide variety 


of experinental conditiors, we cannot scy that the possibility of trans- 
mission of er.cephalitis by =osquitoes in nature is finally disproved." 
Later, Webster, Clow and Baucr denonstrated the survival of this virus 
for life in Anopheles queens saculatus. Mitomura, Yamada et al were able 
to trensmit both tho St. Louis cncenhalitis and the Japenese B enceph- 
alitis by Culex pipiens war, paliens. This work, however, needs con- 
firmetion before it ean be accepted. Lumsden has reviewed the cepiden- 
iolegy of the St. Louis outbresk und concluded that Culex pipiens might 
heve been responsible for the transriission of the disese. Reporting 
upon an outbreak of St. Louis oncephalitis in California, Howitt renarks 
that mosquitoes were abundant in the regions where the discase was pre- 
valent. 


To- date St. Louis encephalitis hus net been reported in Mass- 
achusetts. However, its rocognition in such widely separated areas as 
Indisna ond Colifornic. incicates that tho disease has involved hitherto 
unsuspected arcs, : ; 


The problen of mosquito trensmission of St. Louis encephalitis 
remcins unsolved. The negative: experinonts cited above are inconclusive 
evidence, as the insects were, of necessity, fed upon patients who were 
adnitted to hospitals ond, therefore, well advenced in the course of the 
cdisecse. If the virus were present in the circulating blood only during 
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the early stages of the discase, the experiments were, per force, neg- 
ative. Further investigation must determine the role of the moscuito 
in this disocsc. Its secsonal distribution «ond the epidemiological ob- 
servation indicate that St. Louis encephalitis may be mcsquito-borne. 
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CHAPTER IV 


THE CONTROL OF’ MOSQUITO-BORNE DISEASES 


The control of any mosquito-borne discase is based on vne or 
more of the following proccdures: 


I Control of the mosquito vector 

LI Protection of man and animal from the bite of infected 
mosquitoes 

.& oi Immunization of susceptibles 

IV Removal of sources of infection of mosquito vectors by 


a. Isolation of cases 
be Treatinent of carriers 
V Prevention of entry of the mosquito vector and possible 
sources of infection into areas as yot unaffocted by 
the discase 


All these methods are not applicable to cvery mosquito-borne 
disease. The diseases. undcr discussion are listed in Table III with o 
notation on the application of tho various control methods. 


I Mosquito Control Certain conditions are necessary before a mosquito- 
borne disease can become epidemic or reach a high endemic index. One of 
these conditions is the existence of a certain nuacrical relationship 
between the hosts, vectors and susceptibles. ‘When this nuaerical relation- 
ship is upset by a reduction of the number of vectors, the disease ceases 
to be epidemic and rapidly declines either arithmetically or geometrically, 
depending upon the interrelation of many relatec factors, It becomes 
apparent that a modcrate reduction in the number of mosquitoes below the 
critical level will markedly recuce the prevalence of the disease in an 
area where there are many imaunes, but in a region with many susceptibles, 
the reduction below the critical level must be much greater. This con-= 
cept was developed by Ross who applied it to malaria. Carter and Gorgas 
applied it to yollow fever. 


The bionomics of mosquitoes are such that control measures must 
be designed to eliminate or control the larvae or the adults. The measures 
which are most effective in any aren depend upon the local factors and 
upon the genus and species of mosquitoes concerned. It is impractical 
and uneconomical to attempt to control all mosquitoes. The control measures 
must be directed against that specicos which it is desired to reduce below 
the critical level, Therefore, in order to insure effective control meae 
sures, it is important to understand the bionomics, breeding habits, and 
seasonal and geographical distribution of the specics that are concerned 
with the transmission of the discase. Since local circumstances vary, 
it is necessary that a mosquito survey be made before ‘control measures 
are introduced into oa new area for the purpose of controlling mosquito= 

borne diseasee Even in controlling mosquitoes as a nuisance, it is no- 
_ ecssary to dotermine their bionomics before an economical and’ ‘efficient 
nuisance control can be expected. 


: Mosquito control has boen effective in malaria and yellow fevere 
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There has been considerable less experience in the effectiveness of this 
method in dengue, but since the principal vector of this disease is the 
same as for yellow fever, there is every reason to believe that mosquito 
control will prove just as effective. In filariasis, this method has also 
proved to be effective where it can be applied. To date, there has been 
no notable effort to control the vectors of equine encephalomyelitis. 
Theoretically, this method should be effective; but the natural vector 
of this disease has not yet been determined, and epidemiological and en- 
tomological investigations are needed before this method can bo applied. 
The collection of this data is the primary objective of this mosquito sur- 
VOye 

TABLE III 


APPLICATION OF CONTROL METHODS TO MOSQUITO-BORNE DISEASES 


Methods of Control* 


DISEASE ; sdf II IIl IV Vv 
arent | ae a its 
Malaria xxx xx “O- ae! Rey 
Yellow Fever XXX xx SD aed Oi! sxe 
Dengue xxx xx Oivi9 9) Xx 
Filariasis XXX xx Oxco 2 Or thoes 
Equine )Horses * xx ae Ox =O aie 
Encephalomyelitis)Hunans x oP gege? Ox O 0 0 
*Micthods I Mosquito. Control 


II Protection from Mosquito Bites 
III Imnaunization of suscoptibles 
IV Remaoval of sources of infection 

“ay Isolation of cases 
be Treatment of carricr 
V. Prevention of entry into new area 


xxx Proved effective 

xx Only partially effoctive 
x Theoretically cffective 
O Not applicable 


t 


II Protection from a a Effective protection from the bites of 
mosquitoes can bo accomplished only under very limited conditions. Screon- 
ing, and avoidance of unnecessary oxposure, are the mothods most effective. 
Spraying in houses, the application of mosquito repellants and swatting of 
adults aro adjuvants.. If this method were to bo effective, animals and man 
would nocossarily have to romain behind screons at all times. Since this 
is a physical impossibility, the protection against mosquito bites is only 
partial. This method is about equally applicable in «all mosquito diseases; 
the differences are dopondent upon the habits of the adults of the species 
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concerned. 


III Immunization of Susceptibles Specific immunization has proved effec- 
tive in yellow fever, It is, however, not yet available to the public in all 
endemic areas, Although the vaccine is a live attenuated virus, there has 
been no resumption of virulence in over two million vaccinations performed 

in Brazil, Whitman demonstrated that mosquitoes which bit vaccinated per- 
sons did not infect monkeys on subsequent biting. Unfortunately, immunity 

is temporary and annual revaccination is required. © 


In equine encephalomyelitis, a vaccine produced from formolized 
virus grown in chick embryos, has proved effective in the protection of hor- 
ses. As yot, this vaccine is not applicable to man, except for laboratory 
workers, due to severe reactions which have been encountered. Moreover, the 
risk of exposure to the disease has been so small that community immuniza- _ 
tion has not been indicated. Vaccination of horses must be repeated annually 
as immunity is temporcrye Mohler attributes the decreased incidence of this 
- @isease in 1939, in part, to the voccination of horses. 


There is no specific immunization against the other mosquito-borne 
diseases. The prophylactic use of quinine in melaria is an attempt to destroy 
the plasmodium as soon as it is introduced into the blood stream. 


IV Removal of Sources of Infection is effective only to a limited extent, 
Cases of the discasc, with the infccting agent in the circulatory blood, may 
act as foci of infection for vectors. Therefore, it is,thcoretically, good 
preventive medicine to isolate those patients in mosquito proof quarters, 


.. Execpt for.malaria and. filariasis, which are, respectively, duc to a protozoan 


and a helminth, the romainder of the mosquito-borne diseases are due to a 
virus which romains in the blood stream for a very short time, and which, in 
many instancos, disappears from the blood stream soon aftor tho disease mani- 
fests itself. 


Malarial gametocyte carricrs are the foci of outbreaks of the dis- 
ease in new arcas. Filariasis is often symptomlcss. As filaria may remain 
in the blood for prolonged poriods, these carriers may act as sources of vece= 
tor infection. Malcrial carriers may be eliminated by adequate treatment, 
but filarial carriers remain permanent, for there is no known effective drug 
. therapy in this disease. 


V Prevention of Entry into New Areas This is a method which is applicable 
to all infectious diseases. The principals of isolation and quarantine are 
utilized in every community. In the case of certain diseases, especially 
those with a wide host selectivity, the prevention of the spread of a disease 
becomes more difficult. This feature is well illustrated in the case of yel- 
low fever. The disease was apparently controlled by the use of the usual 
methods and. isolation and quarantine. on a. community -basis.. Suddenly, it be- 

came apparent that jungle yellow fever was due to the persistence of the dis- 
. ease in other hosts and vectors... 3 


| Equine cncephalomyclitis has an evon greater host sclectivity. Its 
spread may be duc to vectors or hosts, Since the hosts include animals and 
‘birds, the geographical limitation of this disease becomes oa difficult problem. 
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Malaria and filariasis are usually spread by hosts who are not 
knovm to be infected. In modern civilization and rapid transportation, it 
is practically impossible to eliminate the travel of such individuals, 


Conclusion In summary it may be said that when control methods are de- 
pendent upon control of man, only limited success may be expected, as some 
individuals are uncooperative, 


The most effective method in the control of mosquito=borne dis- 
eascs has been the reduction of vectors to below the critical level which 
will maintain the disease. 
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CHAPTER V 


ORGANIZATION 


The Mosquito Survey was organized as a separate activity of 
the Division of Communicable Diseases in the Massachusetts Department 
of Public Health. The director of the Division of Communicable Diseases 
was responsible to the Commissioner of Public Health for activities of 
the Survey. In direct charge was the technical director who was respon- 
sible for the administration of the Survey, the analysis of the find- 
ings and the compilation of the final report. 


Although it was an activity of the Department of Public Health, 
the Mosquito Survey was made possible through the cooperation of the Work. 
Projects Administration. Various federal, state and private organizations 
participated in the Survey's activities, Exclusive of the technical di- 
rector and the entomologists, the personnel of the Survey were all Work 
Projects Administration employees, 


The Massachusetts Department of Agriculture, through the Divie- 
sion of Livestock Disease Control and the Massachusetts Reclamation Board, 
cooperated in the activities of the Mosquito Survey. The liassachusetts 
Reclamation Board, composed of members from the Department of Public 
Health and Agriculture, is in charge of mosquito control projects in the 
Commonwealth. This Board, through its vast knowledge of mosquitoes in 
Massachusetts, assisted in laying out the program of the Survey. 


Harvard University, through the Medical School and School of 
Public Health, gave active help. The Department of Preventive Medicine 
and Epidemiology, the Department of Bacteriology, and the Division of 
Biology assisted the Survey by furnishing quarters and some equipment. 
Members of the several faculties took part in the training course of the 
field personnel. 


STATE PERSONNEL The Survey itself was divided into two parts; the state 
employees, and the Work Projects Administration employees. Of these, 

the state employees formed the smaller portion, consisting of the entomo- ~ 
logical staff and several members of the Division of Communicable Diseases, 
who, although not actual members of the Survey, rendered valuable assist- 
ance during the months of organization. The organization chart on the 
following page, clarifies the oxact status of the Survey personnel and of 
the various voluntcer cooperating groups. 


The entomological staff was composed of a consultant entomolo= 
gist, chief entomologist, four entomologists and four assistant entomol- 
ogists. In addition to their taxonomic activity, the entomologists as- 
sisted in the training of the field personnel, made special collections 
in the field, oided in the supervision of technical details, revised the 
identification key, and made permanent collections of mosquito adults and 
larvae for rescarch and teaching purposese 
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WORK PROJECTS ADMINISTRATION PERSONNEL “The second portion of the per-= 
‘sonnel was the Work Projects Administration omploycos, with a project 
supervisor in charge. It comprised two sections, the office and the 
field personnel. 


Office Personnel Although nominally in charge of thet project super 
visor the office work was actually administcred by the two chicf clorks. 
This was cspecially true on occasions when the project supervisor found 

- it necossary to be away from the contral office on trips requiring an 
absence of more than one day. The officc personnel was divided into four 
catogorioss a 


‘1, Administretive This portion was in charge of one of the 
chief clerks, and consisted of a timekeeper, two stenographers, five 
typists, one file clerk ond a-messenger, Their dutics were: first, tho 
handling of the many Work Projocts Administration details; second, corrces- 
pondonce; third, filing and supervision of survey sheets; fourth, mailing 
of pamphlets and letters to wpppener ‘gta ahs and many othcr mis- 
ecllancous tASKS » 


oo Posting of Data» This portion comprised one chief clerk, 
one file clerk, five posting clerks, one checking clerk and two summar= 
izing clcorks, whose duties were to post the collection and identifica- 
tion data, orid oftcr summarizing it, to code it in proparation for the 
punch card analysis. The number of the personnel in this group variod 
grcatly and was enlarged to more than thirty during the final analysis 
Of “tho dota... | 


Se Supply The supply room was concerned with the prepara- 
tion of material used in the collection of specimens and in the prepara- 
- tion and mimeographing of literature for use by the Survey. Thore were 
one chief PAPOrNe ara 9 assistent and four laboratory assistants in this 
ELYOUPe 


4. Specialists The fourth ond final group of the office per- 
sonnel consisted of various specialists. A rosearch worker was assigned 
to build up a bibliography on subjects of interest to the Survey. A 
draftsman, with a junior draftsman and two tracors, assistcd the techni- 
eal director in the compilation of charts, tables and maps. A statisti- 
cal clork, with a& junior statistical clork and two punch card operators, 
assisted in the punch card analysis. 


Field Personnel The state was divided into four approximately equal 
arcas, one area supervisor being placed in charge of eache These areas, 
in turn, were further divided into districts of which there were twenty 
in the Commonwealth or an averege of five districts per arcae Each dise 
trict consisted of several towns and was assigned a crew foreman, The 
number of towns included in these districts variod from six to twenty-six 
- with an average of 17.6 towns:per district. 


» In addition to the crew foreman, cach district was assigned 
a field crow of one to six men, the average number boing four. The 
actual number of men working in cach district depended on the number of 
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towns in the district, An oxsmple is Franklin County which was incorpo- 
rated as District #/16, comprising twenty-six towns. This district was 
in charge of a crew foreman and six crow mombers,. The state was divided 
into districts and the districts wore divided, criginally, into four 
portions; cach portion was to consist of a single day's work, as the 
original plan of the Work Projects Administration was to work four days 
a week, Shortly after the project started, howovor, now Work Projects 
Administration regulations were enforced, changing the work schedule of 
the project to a five-day week program. The districts were, thercforo, 
divided into five portions one portion to be covered cach working day of 
the week, In this way, cach district was covered complctely once a woek, 
Wherever possible, onc man was to cover one town in one day. Howovoer, 
with the introduction of 2 five-day wook, this plan had to be modificd,. 


The field work was under the direction of the four area super 
visors. Each of these was responsible for the collection of data and 
specimcns in his arca. His work consisted of periodical visits to cach 
district, during which he supervised the administration of the district, 
checked workers in the field, left supplies for the coming weck and 
picked up collections which were made during the preceding week. He 
checked the district rocords, survey shects, and volunteor W. P. A. 
collections. Once a woek a conference was held at hoadquarters in Boston. 
Here the supervisors reccived supplies for the forthcoming weck, were 
given instructions concerning problems which had arisen, and left collec- — 
tions which they had obtained from cach district. 


Each crew was under the direction of a crew forcman who owned 
an automobile which he used to contact local boards of health, Boy Scouts, 
Y.M.C.A. and other summer camps ond schools. Whenever possible, he 
arranged his schedule so that he worked in the same towns in which his 
crew was collecting. He acted as contact man betwocen the Mosquito Survey — 
and such organizations as were to do volunteer collecting. Enlistment 
of volunteer collectors by public speeches and demonstrating was one of 
the more important duties. Supervising and checking the work of the 
crew formed a second important item in the foreman's schedule. He checked 
the crew in and out in the morning and afternoon, gave them supplies at 
the beginning of the day and aattocted the specimens in the evening. All 
specimens were inspected for the presence of larvae or adults and for 
correct labeling and filling of the vials. Survey sheets were checked 
for completeness and accuracy. The foreman kept cach crew member's ‘col- 
lections sepxrate and turned these over to the supervisor with oa ‘report 
as to the number of collections made by each man, each day of the weck,. 
The third important duty of the crew foreman was keeping accurate and 
complete records. He made a copy of the survey sheets; the original was 
kept and filed at the district headquarters and the copy was sent to the 
central office in Boston, It was the foroman's duty to see to it that 
each crew member sent in the roquired wockly reports and that he himself 
submitted summary reports for the work of the crew each week, 


_ The assistant crew foreman was responsible in the absence of 
the crew foroman. Each assistant foreman owned and operated an auto’ 
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mobile in which he transported the crew. The assistant foreman travelled 
over a designated route and dropped off crew members at designated points, 
one in each town, Thereafter, he proceeded to the farthest and usually 
the largest town where he collected as did other members of the crew, 
with the exception that he travelled from point to point in his auto- 
mobile. 


The chief duties of the crew members were the collection of 
adults and larvae and the establishment of collection points. Crew 
members met at a designated point in each district before nine o'clock 
in the morning, . By nine o'clock the crew had received such supplies 
as it nceded for collections that day, and then was transported to towns 
which were to be covered during the day's work. One by one they were 
dropped off in different tovms where they proceeded on foot between 
collection points. According to the W. P. A. regulations, the crew 
worked five six-hour days per week. There was a one hour lunch and rest 
period between twelve and one ofclock. On the return trip at the end 
of the day, the assistant foreman arranged his schedule so that he met 
the last crew member at three o'clock. This was in accordance with 
W. Pe Aw regulationse The remainder of the trip was made on the worker's 
time. In certain instances, some. crew members were requested to visit 
summer camps in an effort to enroll volunteers. Such instructions were 
given by the supervisor or foreman, | 


The project supervisor was responsible for the work of all 
the Work Projects Administration personnel, However, because of the 
technical nature of the work, it was often desirable to have the techni- 
cal director explain the particular task concerned, to the worker, indi- 
vidually. On all such occasions, the supervisor and any other persons 
concerned, were called together and the situation was explained to the 
groupe in this way, the project was able to accomplish more work in a 
shorter period of time, and, with the cooperation of the project super- 
visor, to circumvent many delays which would have otherwise intervened. 


In summary, the field personnel consisted of one project super- 
visor, who was also in charge of the Work Projects Administration office 
personnel, four area supervisors, twenty crew foremen and eighty-two | 
crew members. The total field personnel numbered one hundred and seven. 


VOLUNTEER COLLECTIONS A substantial portion of the collections made 
during this Survey were obtained by volunteers. Approximately 10% of 
the total collections and about 50% of the adult collections were made 
by them. 


Volunteer collectors were enrolled systematically upon appli- 
cation blanks furnished by the Survey. The names and addresses were 
filed in the central office and each collector was given an identifying 
number. Upon receipt of an application, a letter was sent to the volun- 
teer collector informing him of his identification number and the source 
of supplies. The application blank contained information about the 
Survey. In addition to the letter, bulletins on mosquitoes and enceph- 
alitis and from time to time a pamphlet entitled "Massachusetts Mosqui- 
toes" were sent to the volunteer collectors. In all, there were five of 
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these bulletins during the season. 


The enrollment of volunteer collectors was begun by the per- 
sonnel of the Division of Communicable Diseases of the Department of 
Public Health. lpidemiologists and District Health Officers contacted 
the three hundred and fifty-one local Boards of Health and arranged 
for visits by employees of the Mosquito Survey. At the same time, sam- 
ples of literature and supplies were left at each Board of Health. 


During the first few months of the Survey, crew foremen in 
each district re-visited the Boards of Health, left additional supplies, 
and collected such specimens as had been obtained. Periodically, Boards 
of Health were visited throughout the continuation of the Survey. During 
the summer months, the best cooperation from volunteer collectors was 
obtained in swmer cymps, state institutions and federal institutions, 
Although summer camns were, as a rule, of comparatively short duration, 
valuable contributions were made by many of them. Boy Séout and Girl - 
Scout Camps did excellent work. Several of the state hospitals and 
the Department of Mental Hygiene made valuable contributions. The United 
States Navy submitted collections throughout the season from several 
places along the coast line. f 

The Brookline Board of Health, in charge of the Mosquito Cone 
trol Project of this town, made regular collections from the Survey — 
from liay through October and brought the specimens to the laboratory. 
The Cape Cod Mosquito Control Project was perhaps the largest contri- 
butor of volunteer specimens during the Survey. The supervisor and the 
entomologist of this project collected specimens for us and arranged 
for their workers to do likewise. In addition to the collections which 
the Cape Cod Mosquito Control Project personnel itself made, the workers 
enrolled many volunteer collectors and submitted numerous specimens 
to us from Barnstable County. The State Reclamation Board personnel 
made numerous collections, especially during the earlier part of the 
season. The ilantucket iosquito Control Project also assisted the Survey 
in making collections on the island of Nantucket, 


All the volunteer collecting carried out by organizations 

in the state other than those already mentioned above, was in direct 
charge of the personnel of the Survey. Supervisors and crew foremen 
met with various intra-state groups, and gave lectures and field demon= 
strations. Approximately one-half of the time of the crew foreman was 
devoted entirely to the organization of volunteer collectors. Such 
specimens as were picked up by volunteers, were usually brought to a 
place designated by the local Board of Health, and then collected pere- 
iodically by a representative of the Mosquito Survey. New supplies 
for volunteer collectors were likewise left at these places, and were 
always in sufficient quantity to meet local demand. 


The collections made by the volunteers were particularly 
important in that they consisted principally of adult mosquitoes, whereas 
the collections made by the personnel of the Survey were, in the main, 


larvae, Moreover, one species, Psorophora ciliata, was collected only 
by volunteer collectors, Although the total nuaber of collections made 


by the volunteers was comparatively smell, we feel that better results 
can be obtained in the future by organizing the. Survey in the spring. 


During the months of September and October the Survey person-= 
nel was able to visit teachers and various nature groups in some of the 
high schools throughout the state. The response from these groups was 
most heartening and resulted in an appreciable increase in the number 
of volunteer specimens submitted. It is our opinion that if the high 
schools are contacted carly in the spring, the number of volunteer 
collections will nearly equal, if not exceed, the number submitted by 
the Survey porsonnel, 


In all, over 6000 collections were made by the volunteers, 
Unfortunately, during the summer there was a drought in Massachusetts, 
and as a result, mosquitoes were comparatively scarce. This was in 
marked contrast to the summer of 1938, whcn mosquitoes were unusually 
prevalent due to the heavy summer rains. It is our fecling that had mos- 
quitoes been a roal nuisance during the summer of the Survey, the re- 
sponse from volunteers would have boon much greator. 


Sl 


CHAPTER VI 


COLLECTION OF SPECIMENS 


COLLECTION POINTS Most of the plans for the Mosquito Survey were drawn 
up during the early part of the spring of 1939. Since it was desirable 
to begin the Survey as soon as appropriations were made, it was necess- 
ary to have on hand sufficient material to enable the field workers to 
begin immediate mosquito collections. As it was our desire to make 
regular periodical collections at prescribed points throughout the Com- 
monwealth, such places as we thought would be permanent collection points 
had to be selected. 


A collection point was defined as an area 100 yards in radius, 
about some permanent landmark as a center. Such a collection point may 
have been in the woods, meadow, or at the edge of a large pond. In the 
last instance, the center which was chosen was a prominent, easily identi-— 
fied landmark on the shore, and the:collection point area extended 100 
yards in either direction along the shore and 100 yards inland. Before 
field work was begun permanent collection points were selected by two 
methods. 1. Maps of Massachusetts, prepared by the U. S,. Geological 
Survey, were obtained. On these maps, marshes, swamps, slow-moving 
streams, ponds and other large water bodies, which, according to the 
terrain, appeared to be suitable for mosquito breeding, were selected 
as collection points. 2, In certain portions of the Commonwealth, the 
Massachusetts Reclamation Board and its many affiliates were carrying . 
out mosquito control projects. Members of the Reclamation Board were - - 
able to spot on these Geological Survey maps, places where they knew 
mosquitoes were breeding. ‘Thus, by two methods, we were able to select 
between ten and twenty collection points in almost every town in the 
Commonwealth. This made a total of from 3510 to ey collection points 
for the 351 towns and cities. 


At the completion of the training course, about the middle of 
June, the foremen returned to their districts and began the training of 
their personnel. During the‘ second week of training, many of the collece- 
tion points selected by us were visited by the crews and surveyed. There- 
after, new collection points were selected by actual field experience, 
For example: If a crew member found a good mosquito breeding place which 
was likely to remain permanent throughout the season, he made out a 
survey sheet for that point, relaying the information to his foreman, 
who in turn, passed it on to the area supervisor. The area supervisor, 
in the weekly conference at the Boston headquarters, submitted the new 
collection point to the technical director and the entomological staff, 
who decided, on the basis of the accompanying specimens and survey shect, 
whoethor or not the collection point was dosirable. If so, it was approved. 


At the beginning of the Survey, each crow was supplied with a 
duplicate set of maps of the towns in its district. These were maps 
which were Gomptted by the Massachusetts Gcodetic Survey in 1936, They 
were printed on 83 x 11 inch paper and fitted easily into the crew members! 
carrying kits. On each map were spotted the collection points as sclocted 
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before the ficld work startcd. New points were spotted as they were ~ 
made, Area supervisors were furnished with a book of these maps to 
which they transcribed all the approved collection points in their area, 
The area supervisors! map books were brought tothe central office from - 
time to time where the apvroved collection points were transcribed into 
a master map book of the entire SEAtC, 


In order to obtain detailed information concerning each collec-. 
tion point, a Survey of Collection Point Form was devised. It may be 
pertinent to mention at this point that this form and labels which were : 
used by tho field workers were approved by the Viork Projects Administra- 
tion as being of such a character as would obtain the desired information 
with the loast’ possible likelihood of error, It was realized that with 
lay collectors such as we trained, forms, which were not too complicated, 
but which contained sufficient material rcadily adaptable to being trans» 
forrod to punch cards, had to be ‘developed. Accordingly, we devised a 
form which was simple to fill in, and contained the information which 
we desired to. use in our punch card analysis. This Survey of Collection 
Point Form was made out in duplicate. The copy was sent to the Survey 
headquarters. where it was filed. ‘These copies gave us a check on-the 
number of collection points that were being’ visited regularly in the 
various towns of the Commonwealths Therefore, we were able to say in 
how many places collections were being. mace «t any given time. The 
original of the survey sheet remained with the crew foreman who was 
thus able to check the survey and at the same time onabled the continua- 
tion of collections at thuse points whenever a change of personnel occurred. 
For a detailed description of the Survey of Collection Point Form the 
reader is referred to the bullctin, "Training Course for Field Personnel", 
Survey of Collection Foint A Survey of a eoliection point consisted of 
the recording of facts anc information concerning the conditions exist- 
ing at the point and its inmnediate viginity. The Survey Form contained 
space for recording observations on the nature of the vegetation, the 
“water, and the terrain, as well as such items as the presence of animals, 
poople, houscs, «nd any othér pertinent information. : The inromaction 
required about each collection: point was divided into fifteen groups. 
-Each group contained information of one typé, and all, together, formed 
the basis yee whieh, soelection of points, as pormangurt collection Pewee 
was made » 


The facts obtained from these Survey Forms were used, not only 
in determining what areas wero selected as permanent collection points, 
but in the tabulation and analysis of the prevalence of mosquitoes in re- 
lation to various factors in the environment. 


Daily Work of Field Personnel The crew member in each town proceeded on 
foot along public roads to the designated collection points. During the 
first visit toa collection point, the. crew member made out a survey 
shoot. He, thoroafter, procccded ‘to colloct adult RORGUL SOON, as described 
in detail in "Instructions for Catching Adult Mosquitoes"... In genoral, 

the adults worc caught by.anct carried by the crew ener or by simply 

. placing the killing “tube over’ the resting mosquito for a few minutes 

until the mosquito was killed. The adults were then placed between 

layers of pe LapeP in a pill boxe A label was filled out, folded and 
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placed inside the box. 


Larvae were collected by the method described in "Instructions 
for Collecting Larvae". Water containing the larvae was dipped from 
puddles, streams, ponds, marshes, etc.e, with a large dipper, The larvae 
were then carefully sucked up into a medicine dropper and transferred 
to a small vial. After the crew member had collected several larvae, 
he filled the vial to about one inch from the top and added five drops 
of 40% formalin dyed a light blue for easy identification. The identi- 
fication slip, marked with the number of the collection point and date 
of collection, was inserted and the vial corked. A label was filled 
out, folded, rolled about the vial and secured with a rubber band. If 
no specimens of cithor adults or larvae wero found, the crew filled in 
& pink label for the collection point. Upon completion of work at one 
collection point, the crew member proceeded on foot to the next. 


‘If there were more than one type of water collection in a 
collection point, a collection of larvae was made in the different kinds 
of water, Each collection was placed in a separate vial and separately 
labelled. For example, a pond, a running stream and a tree-hole were 
three different types of water. Collections were made from all three, 
the specimens being placed in three separate vials, each with its own 
label. 


. Three different types of labels were ysed: (1) Label for Reg-= 
ular Collections, white; (2) Label for Regular Collections, pink; and 
(3) Label for Occasional Collections, All three labels were used by 
the field collectors and are discussed in the bulletin "Training Course 
for Field Personnel", The white label for Regular Collections was used 
for those made at permanent collection points. The pink label was used 
for pormenent collection points but was filled out only when no specimens 
were found. It was used only by the W. P. A. personnel and it was intended 
as a check on the individuals. The label for occasional collections 
was used for specimens which were picked up at places other than regular 
collection points. Most of the volunteer collections were of this type; 
and, consequently, this label was the one most frequently used by the 
volunteers. As in the case of the survey sheet, the labels contained 
several lists from which the collector selected the appropriate items. 
The direction of the wind was easily established as the collector pos- 
sessed a map of the town. Only the cardinal points of the compass, with 
but one subdivision, were used in the description of wind direction. 
Complete instructions for the use of the different labels were supplied 
each collector. . 


During the first two weeks of the Survey, while the field 
personnel was being trained, collections were small in number. Collec- 
tions were started on a state-wide basis during the first week of July. 
Toward the end of July the crews were familiar with their districts 
and collection points were established in most of the towns. By the 
end of July, with few exceptions, collections were being made from most 
of the towns in the Commonwealth. Thereafter, the number of collections 
continued to increase and reached a maximum late in September. The 
months of May, June and July were exceptionally dry. The normal rain- 
fall for these months is 10.25 inches. In 1939 there fell only 6.53 
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inches of rain, or about two-thirds of the normal, Many marshes, small 
ponds and streams dried up, others decreased in size, and puddles and 
small collections of water were practically non-existent. 3 


This lack of rainfall was reflected in a diminution in the 
number of mosquitoes. Where, in 1938, mosquitoes were unusually prev- 
alent, due to the heavy reinfall throughout the summer and ‘early autumn, 
in 1939 mosquitoes were comparatively scarce, Although thére are no 
established data on the prevalence of mosquitoes in 1938, the observa-— 
tions of mosquito control men may be taken as authentic evidence. These 
workers, as woll as the residents, observed that during 1938 mosquitoes 
were unusually prevalent throughout southern Massachusetts. In 1939, 
on the other hand, mosquitoes were so scarce that vacationists reported 
they were able to sleep in the open without screens or netting. This 
luxury of slceping under tne stars without fear of mosquitoes, was a 
blessing which had not been given for many yoars. 


Collections of mosquitoes were, therefore, quite difficult 
during July. As many ponds, marshes and streems dried up, new collece 
tion points had to be established. Fortunately, in August, rainfall 
was slightly above normal. This increased rainfall was reflected in 
the increased prevalence of mosquitoes. The number of collections in 
August increxsed and in September reached a maximum. However, there 
was not enough rain to compensate for the three preceding dry months 
and water collections began to decrease again in size and number. At 
no time during the summer and autumn of 1939 was there a normal predom- 
inance of mosquitoes. It is our distinct impression and that of many — 
- of the mosquito control men, that mosquitoes throughout 1939 were unusual- 
ly scarce. 


There is one exception to this observation from Cape Cod where, 
during 1938, there were many heavy rains in this region. Ponds filled up, 
and in the spring of 1939 were at an unusually high level, in some in- 
stances higher than any recorded in. the past twenty-five years. In this 
region, Mensonia perturbans, a vicious biter, was unusally prevalent, 
especially in the spring and early sumor, 


‘The atnibobiér sol leétiona in the ‘different districts varied 
greatly, The apparent non-existence of certain species in ccrtain dis-= 
tricts may be accounted for by the difficulty of obtaining qualified 
personnel in these areas, Other factors which influenced collecting were 
the size of the area to be covered, the naturoc of the terrain and the ~ 
meteorological conditions, An attempt to evaluate the completeness of 
collections and the influence of these various igh is made in the 
analysis of the data, 
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CHAPTER VII 


TECHNICAL PROCEDURES 


IDENTIFICATION OF SPECIMENS The identification of collections was 
Carried out by the entomological staff consisting of a consultant en- 
tomologist, a chief entomologist, four senior entomologists, four jun- 
ior entomologists and several laboratory assistants. The consultant, 
entomologist did not do routine identification, but examined specimens 
which were unusual or difficult to identify. Those which were thought 
to be new species, insofar as their collection in the Commonwealth was 
concerned, were sent to the United States Department of Agriculture en- 
tomologists in Washington. In this way, all unusual specimens of species 
which were collected for the first time in the Commonwealth were identi- 
fied not only by the consultant entomologist, but also by the federal 
entomologists. 


The chief entomologist was directly in charge of the identi- 
fication. He was responsible for the assignment of work to the various 
entomologists. Like the consultant, he did not do routine identifica- 
tion except when there was an accumulation of specimens. His first 
function was the direction of the identification work and éxamination 
of unusual specimens. The routine identifications were done by the 
senior and junior entomologists. Most of the identification of adults 
was performed by the senior entomologists whereas the larvae which were 
more easily recognized were identified by all the workers. 


It is estimated that the rate of identification was fifty 
collections per man per day for adults, and one hundred twenty per man 
per day for larvae. These estimates are based upon a man working alone 
and in conjunction with such other tasks as were assigned to him. When 
-.&@ laboratory assistant aided the entomologist, the number of specimens 
which cold be identified in the course of a day was more than doubled, 
This was especially true when the men became experienced in the handling 
of specimens. Towards the end of the Survey, as many as one hundred 
fifty collections of adults, and two hundred fifty to three hundred | 
collections of larvae were examined by a single man. 


Because of the Survey's interest in obtaining data on the 
distribution and prevalence of all species of mosquitoes,it was nec- 
essary to identify every specimen which reached the laboratory. The 
specimens arrived once a week, on Fridays, when the Area Supervisors 
came to Boston to attend weckly conferences. The specimens from-each 
district were kept in separate containers, This facilitated the iden- 
tification as most of the collections coming from the same district 
were of the same general character, that is the seme species predominated. 


The adult specimens reached the laboratory between layers of 
cellotex, in small pill boxes. The label accompanying each, had been 
inserted between the drawer and the casing of the pill box. On opening 
the box the label was removed and unfolded. The identification data on 
the specimens was written on the reverse side of the label. The labels 
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from each district for each week were kept in one bundle and shipped to 
the filing room, Similarly, labels around the vials containing the 
larvae were unrolled and the identification data noted on the reverse 
side. These labels were handled in the same way as those for the adult 
collections. 


The identification data recorded on each lebel consisted of 
the names of the genus and species, the letters "A" ond "L" for adults 
and larvae respectively, the number of specimons of each and the name 
of the person who made the identification. If the specimens were un- 
identifiable, cither because of deterioration or lack of maturity, a 
note to this effect was made. If the specimen were not a mosquito, 
the letters "NM" were placed on the bank of the label. In this way 
it was possible to use but one form, containing both the collector's 
ond the identifying data. The transcription of this information on 
summary shects was much less complicated than it would have been, had 
two forms been used. In addition, in case of any doubt as to identific- 
ation data, it was possible to check back and ascertain who had made the 
identification. 


IDENTIFICATION KEY The technique of mosquito identification consists 
mainly of a process of elimination. The identification key for adults 
end larvae notes certain characteristics as either present or absent, 

The presence or absence of a particular characteristic determines whether 
the mosquito is further identified in one group or another. This same 
method is followed through until the absence or presence of a ee 
characteristic detcrmines the specics of the mosquito. 


At the beginning of the Survey, identifications were based 
upon Tulloch's key which was. published in 1930. When about one hundred 
thousand specimens had been identified, enough data was collected to 
revise this key, and, as one of the objectives of the Survey, a new key 
was compiled and published, This new identification key was used through- 
out the remainder of the Survey. It is adaptable to use in New England 
and perhaps in New York as well. 


Special Mosquito Collections In addition to the routine identification 
of specimens and the revision of the identification key, the entomologists 
had several other duties. Special collections of unusual specimens espec- 
ially those found for the first time in the stete, wore made by the entomo-~ 
logists. Whenever a li. P. A. collector found on unusual specimen he was 
asked to revisit the location of the collection point for additional spec- 
imens. At the some time an entomologist was sent to this area to make 
further collections at the some place and in the surrounding area, in an 
attempt to obtain large numbers of specimens, 


The entomologists attempted to collect mosquitoes naturally in- 
fected with equine encephalomyelitis. These attempts were made whenever 
a case of this disease was reported to us by the State Department of Ag- 
riculture. Light and animal baited traps were taken to the place from 
which the case had been reported. However, the disease was so rare that 
cases wore not reported until the afflicted horse had died. 
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Consequently, we arrived at the farm or stable where the animal 
had been quertercd too late to collect the mosquitoes whose bite was re- 
sponsible for the infection. This lapse of time was one of the reasons 
why our collections were a failure. The majority of these cases were 
reported to us late in the mosquito season and we were unfortunete enough 
to have meteorological conditions which were unfavorable to mosquitoes. 
As a matter of fact, very few specimens were collected by use of animal- 
baited and light traps on these occasions, and, therefore, we could not 
expect to collect naturally infected mosquitoes, In conclusion, these 
endeavors to collect the mosquito vector which hed been infected natural- 
ly with equine encephalomyolitis could not be considered a fair trial — 
because of the lapse of time which had occurred betwecn the onset of 
the disease and the arrival of the entomologists, and because of the 
small number of mosquitoes which were collected during these endeavors. 


Additional light trap collections were made from time to time 
in several parts of the state. These collections which were made prin- 
cipally ct the earlier part of the season were quite satisfactory end 
on one such collection over one thousand individual specimens were obtain- 
ed in the course of an evening. However, when there were unfavorable 
meteorological conditions such as a fresh wind or a drop in temperature, 
collections were poor, 


The entomologists cssisted in the supervision of the methods 
of collection used by the wi. P, A. personnel. Periodical trips were 
mede to the various districts in an attempt to check on the methods 
which were being used in the field by the individual workers and to 
instruct and assist them in improving their technique. This staff like-. 
wise assisted in the checking of the surveys of collection points, and 
were sent out on special check trips whenever we had cause to. pre's 
that specimens wore not outhentic, 


Several permanent collections of adults ond larvae were made, 
These wero intended as « permanent record of the collections made by 
the Survey and some were sent to various institutions which had request- 
ed such collections. Hypopygial mounts were made of many of the species. 
All these. collections are available for future use in the identification 
of specimens and serve as o sure oheok on eny work which may be carried 
out in the future. 


In all, the entomologists examined and identified forty nine 
thousand collections, consisting of two hundred seventy eight thousand 
specimens. This figure includes the collections made by volunteers, 

It is our opinion that the entomologicel staff of a survey of this type 
should be quite large because its functions are so varied ond important © 
to the success of the survey as a whole. When organizing new surveys 

it is our recomnendation that allowances be made sOe a greater number 

of entomologists. 
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CHAPTER VIII 


ANALYSIS OF DATA 


Posting Sheets In order to facilitate the posting of the data, we 
devised a sumnary sheet, which could be used for the original record- 
ing of the data and for the final summarizing. On this sheet there 
were spaces for all the items on both sides of the label. The names 

of the mosquitoes were arranged alphabetically by genus and species. 
All the mosquitoes that were known to occur in Massachusetts were in- 
cluded and room was left for such mosquitoes as might be found for the 
first time in Massachusetts during the course of the Survey. The in- 
formation from the front of the label was entered on this sheet accord= 
ing to the attached code. The identification data on the opposite side 
of the label was entered in two ways, by number of specimens of each 
species, Adult or Larva, and by the number of collections of each species. 


The labels were filed aphabetically by counties and towns, 
numerically by collection point nuabers and thereafter chronologically 
by weeks. Each label was entered in this order upon the sheets asa ~ 
separate entry. There was one summary sheet for each collection point. 
As collections were made at a given collection point on the average of 
once a week, there was one entry per week for each collection point on 
this sheet. If there were more. than one entry, these were added every 
week and the sum written in red on the following line. The weekly totals 
from the collection point summary sheet were transferred to a town sheet 
of which there was one for each city or town in the Commonwealth. These 
entries in turn were added every week and transferred to a tovm summary 
sheet. In this way a running summary of the total findings in a tow for 
the season could be obtained from a single record sheet. Occasional 
collections were entered on the town summary sheet and added to the collec- 
tion point totals. In this way, the town summaries included all the col- 
lections made in the town, 


A separate account was kept for the W. P. A. collections and 
the volunteer collections. The two groups were finally combined on a 
new sheet entitled "Combined Summary of Town", This sheet containéd the 
final summary of the project collections of mosquitoes in the town, At 
the end of the season, the combined town summaries were added and this 
accumulative result was the total collections of mosquitoes made in that 
town during the season. These accumulative results were transferred to 
county summary sheets where the totals for the counties were determined, 
Similarly, the counties were totaled on a state shect which was the to-= 
tal number of mosquitoes and the total number of collections for the Com- 
monwealth throughout the season. 


Punch Card Analysis In order to analyze this large number of collec- ~~ 
tions, it was necessary to resort to the Remington Rand Punch Card Method, 
A ninety column punch card with ten items to a column was used. Two sets 
of cards were employed for the analysis of data and therefore two sepa= — 
rate codes were used as these sets were entirely independent of each other, 
Both codes are attached. The Town Code and the Collection Point Code are 
different except for the method of recording the collections of the vari- 
ous species, 


NO. OF COLLECTION POINT 


Example: 030712 
03 indicates Barnstable County 

07 “ Town of Falmouth 

12 " Number of Collection Point as noted on map. 


WEEK OF YEAR 
NO. OF LiONTH 
DAY IN MONTH 


HOUR 


A.M. OR Polis 


CONDITHON OF AREA: 


Q = No Observation 
1 = Very dry 

2- Dry 

3 = Moist 

4 = Wet 

5 = Submerged 


VEGETATION : 


0 = No Observation 
1 = Dead 

Withered 
Drying 

- Healthy 

= Succulent 


on > 8 oO 
' 


O = No Observation 
1 =- Sunny 

2 = Cloudy 

5 = Foggy 

4 = listing 

5 = Raining 


- No Observation 
None ; 

Mild 

- Moderate 

- Strong 


PAM re O 
i] 
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DEPARTMENT OF PUBLIC H=ALTH 


CODE FOR SUMMARY SHEET 


DIRECTION OF WIND: . 
O = No Observation 
- VV 
- NE 


ONoa rawr 
1 
ty 
ie) 


PREVALENCE OF ADULTS: 
0 - No Observation 
- None 
= 1 to 5 
- 6 to 25 
Scores 
Hundreds 
- Thousands. 
Hundreds of Thousands 


NoowKanpr 
r 


PREVALENCE OF LARVAE: 
O = No Observation 
- None ° 
- ito 5 
- 6 to 25 
Scores | 
- Hundreds 
Thousands 
Hundreds of Thousands 


NOMS won re 
. 
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WATER COLLECTIONS 


Recording by Genera, Species 

Enter Gar number under cach A 
L = Larvae 
Under unclassifiable enter = actual number 


Other species = insert name of species and enter actual number, 
after consultation with Technical Director. 


HUMANS 51 = 75 


SPECIMENS COLLECTED FROM 


26 = 50 


NATURAL 00 = 25 ARTIFICIAL 
04 Ditch Barrel 
08 Fresh Swamp Bird Bath 
10 Pond a Bucket _ 
11 Puddle 30: Cistern 
12 Quarry 32 Dish 
15 Salt Marsh 33 Fountain 
16 Stream 35 Flower-pot container 
17 Stump Hole 40 Roof Gutter 
19 Tidal Flat 45 Tin Can 
46 Troughs 
| 48 Watering: Fot 
“QUTDOORS  51+75 BUILDINGS 76 = 100 
58 Dump 78 Barn 
60 Field 80 Chicken Coop (Hen House) 
62 Lakeside 82 House 
63 Meadow 85 Other Outhouse: 
64 Marsh 86 Stable 
€5 Riverside 90° Cattle - 
66 Road 91 Horses 
67 Seashore 92 ules 
68 Shrubs 93 Sheep 
69 Trees 99 Man 
73 Weeds 
74 Woods 
7). pera 


- Adults 


REMARKS 
CHANGES 00 = 25 ANTWALS 26 = 50 
O2 Burned over 2? Chicken 
65 Construction 28 Cattle . 
10 Dam opened 29 Dogs . 
11 Dam closed 50 Domestic a 
12@ Drained 51 Grouse 
15 Harvested’ 32 Hogs — 
oO Ole 2G 53 Horses 
21 Other Mos. .Control Measures 34 Mules 
2e Pastured So Partridges 
25 Plowed 66 Pheasants. 
24 Timber cut 37 Pigeons 
int | 39 Sheep 
45 Wild Ducks 


Gl Fisherman 


64 Harvesters 
70 Picnickers 


53 Bathers 
55 Campers 
60 Farmers 
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COLLECTION POINT CODE 


Column 
1 & 2) COUNTY NUMBER Counties are numbered from 1 to 14 as follows: 
3) Barnstable 2) Dukes 12) Hompshire 6) Norfolk 
14) Borkshire 8) Essox 9) Middlesex 4) Plymouth 
5) Bristol 11) Franklin 1) Nantucket 7) Suffolk 
13) Hampden 10) Worcester 
3 & 4) TOWN NUMBER The towns are numbered alphabetically in each 
county, beginning with l. 
5 & 6) WEEK OF YEAR The weeks are numbered chronologically begin- 


ning with the first week of the year. 


7 & 8) NUMBER OF DRAINAGE AREA 


Salt Water Merrimac Connecticut 
ll) Cape Cod 31) Assabot 51) Chicopee 
12) Center Coast 32) Concord 52) Connecticut 
13) East Coast 33) Merrimac 53) Deerfield 
14) Ipswich 34) Nashua 54) Farmington 
15) Islands 35) Sudbury 55) Millers 
16) South Coast 56) Westfield 
Boston Harbor Rhode Island Berkshires 
21) charles 41) Blackstone $1) Hoosic 
22) Mystic 42) French 62) Housatonic 
23) Neponset 43) Taunton : 
| 44) Ten Mile 13)Water Containers 
45) Quinebaug 0) None 
9)Contour 1) Not marked 
0) Not marked 11)Natural Water Colls. 2) Artificial pool 
1) Level 0) None (pond) 
2) Valley 1) Not marked 3) Barrels 
3) Hillside 2) Marsh & swomp 4) Birdbath or flow- 
4) Hilltop 3) Pond or Lake er pot 
5) 1&2 4) Puddle 5) Cesspools & over- 
6) 1&4 5) River or Stream flow 
7) 2&3 6) Rocky crevice 6) Cistern (open) 
8) 3&4 7) Run. & Still Water 7) Dump 
9) Other 8) Tidal Flat 8) Water trough 
| 9) Other 9) Other 
10)Nature of Torrain 14) Vegetation at Water 
0) None 12)Artificial Coll. Edge 
1) Not marked 0) None 0) None 
2) Cultivated fields 1) Not marked 1) Not marked | 
3) Meadow pastured 2) Cranberry bog 2) Catetails & reeds 
4) Meadow unpastured 3) Excavation 3) Pickerel weeds 
5) Rocky 4) Quarry 4) Arrow heads 
6) Woods 5) Sand pit 5) Bulrush 
7) Meadow & woods 6) Root Hole 6) Marsh grass 
8) Meadows & cul, 7) Tree Hole 7) Catetails,reeds & 
fields 8) Well _ other 
9) Other 9) Othor 8) Marsh grass & other 


9) Other 
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COLLECTION POINT CODE 
Column 


15) Vegetation in Water 19) Weeds & Underbrush Non-Susceptible Birds 
0) None 0) None 40) 


1) Not marked 1) Not marked 41) Chickens 

2) Lily pads 2) Bushes 42) Domestic Ducks 
3) Algae 3) Hedges 43) Gulls 

4) Duckweeds 4) Weeds over 3 feet 44) Wild Ducks 

5) Water mosses 5) Weeds under 3 feet 45) Turkey 

6) 2 & Other 6) 4&5 46) Several 

7) 3 & Other 7)2&5 47) Other 

8) 4 & Other 8) 2 & weeds any kind 48) 

9) Other 9) Other . 49) 


16) Character of Water 20) Animals in Area 


22)Buildings in Area 
0) None 


one 21) one 
1) Not marked 01) Not marked 1) Not marked 
2) Brown 2) Less than 5 
3) Colorless Susceptible Birds 3) 6 = 25 
4) Muddy : 7) te si 4) 26-100 
5) Floatage 11) Horses 5) More than 100 or 
6) 5&2 12) Mules -- factories 
7) 5 &@°S 13) Horses & Mules 6) Stables & others 
8) 5&4 14) Horses & Mules & 7) Poultry houses 
9) Other Susceptible Birds 8) Stables 


15) Horses & Non-Sus- 


17) Character of Bottom -- ceptible Birds 23 Mosquito Control 


None 16) Horses & Non=Sus- Measures 
1) Not marked ceptible Mammals 0) None 
2) Earth or Mud 17) 14 &15 1) Not marked 
3) Leaves 18) 14&16 7 2) Diking 
a4 Rock 19) 14, 15 end 16 3) Ditching 
6) Sand 4) Filling . 
6) 2&4 Susceptible Birds 5) Oiling 
7) Vegetation 20) All 20's,d0's & 40's 6) 2&5 
8) 3 & Other 21) Young Chickens 7) 3&5 
9) Other 22) Pheasants 8) 4&5 
23) Pigeons 9) Other 
18) Trees 24) Cowbirds 
0) None 25) Red wing.Blackbird 24)Prevalente of Mos~ 
1) Not marked 26) Sparrows quitoes 
2) Evergreen 27) Several Susceptible 0) None 
3) Hardwood 28) Susceptible & Non- 1) Not marked 
4) Willows Susceptible Birds 2) Aescarce & no L. 
5) Fallen trees 29) Susceptible Birds & 3) A.numerous & no L. 
6) Burned trees Non=Susceptible Ani- 4) L.scarce & no A 
T).2 4.6 mals 5) Lenumerous & no A. 
8) 5& 2 or 3 6) A.scarce & L.scarce 
9) Other 7) A.scarce & L.enumerous 
8) Aenumerous & L.scarce 
Non=Susceptible Mammals 9) A.numerous & L.numer- 
30) Small rodents 35) Rodents ous 
31) Cats 36) Sheep 
32) Cattle 37) Several 
33) Dogs 38) Other 
34) Hogs 39) Any 30 & Any 40 
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COLLECTION POINT AND TOWN CODE 


Colums 25-55 & 57-80, also 85-90, use this system: 


1) 


1 collection 


2) 285° collections 

3) 6=10 collections 
4)11l-15 collections 
5)1d=20 collections 
'6)21-30 collections 
7)31-50 collections 
8)51-100 collections 
9)Over 100 collections 


57 
58 


59) 


Aedes atropalpus 
Aedes atropalpus 
Aedes aurifer 
fedes canadensis 
Aedes ccnadensigs. 
Aedes centator 
Aedes cantator 
Aedes cincreus 
fedes cinereus 
sedes dorsalis 
Aedes dorsalis 
Aedes excrucians 
Aedes excrucians 
Aedes fitchii 
Aedes fitchii 
Aedes hirsuteron 
Aedes hirsuteron 
aedes intrudens 
Aedes intrudens 
Jedes sollicitans 
sedes sollicitans 
éedes stinulans 
Aedes stimulans 
Aedes teacniorhynchus 
Aedes tacniorhynchus 
Aedes triseriatus 
fedes triseriatus 
Aedes vexans 
Aedes vexans 
Aedes implecabilis 
Aedcs implacabilis 
Vectors =... 
5) Not present 
1) Present 
Names of Vectors 
Redes atropalpus 
Aedes cantator 
Aedes sollicitans 
Aedes triseriatus 
Aedes vexans 
Anoph,maculipennis 
fnoph.maculipennis 
Anophespunctipennis 


> bob oP er prep r br rrp rr rr rrr pr rp rr Prep 


t 


=" 


PrP 


81) 


82) 


83) 


84) 


Anoph,.punctipennis 
Anoph,quadrimaculatus 
Anoph, quadrimaculatus 
Anoph walkeri 
Anoph.walkeri 

Culex apicalis 

Culex apicalis 

Culex pipiens 

Culex pipiens 

Culex salinarius 
Culex salinarius 
Culex territans 

Culex territans 
Mansonia perturbans 
Mansonia perturbans 
Theobaldia melanurus 
Theobaldia melanurus 
Theotaldia morsitans 
Theobaldia morsitans 
Uranotaenia sapphirina 
Uranotaenia sapphirina 


Others 

3 Aedes trichurus 

2) Aedes trichurus 
3) Aedes trivittatus: 
4) Anoph.crucians 

5) Aedes punctor 

6) Aedes punctor 


Others 


1) Psorophora ciliata 
2) Psorophora cbliata 


3) Psorophora columbiae 


Others 

1) Orthopodomyia 
2)Theobaldia impatiens 
3) Theobaldia inornata 
4) Wyeomia smithii 


Others (3 . 
1) Chaoborus 
2) Corethrella 
3) Eucorethra 
4) Mochlonyx 
K Dixa 
Chaoborus & Dixa 
Aedes unidentificd 
Aedes unideritified 
Anoph. unidentified 
Anoph,.unidentified 
Culex unidentified 
Culex unidentified: 


PPP rr PrP rr rrr rPrrrrrprpr 


7) Chaoborus 
Mochlonyx 
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Column 
2) COUNTY NUMBER 


4) TON NUMBER 


5) WEEK OF YEAR 


4) 


are numbered as follows: 


3) Barnstable 
14) Berkshire 
33 Bristol 

2) Dukes 

8) Essex 


11) Franklin 
12) Hampshire 
13) Hampden 
9) Middlesex 
1) Nantucket 


county beginning with l. 


Counties are numbered from 1 to 14, the counties 


6) Norfolk 
4) Plymouth 
7) Suffolk 
10) Worcester 


The towns are numbered alphabetically in each 


The weeks are numbered chronologically begin-= 


ning with the first week of the year. 


7) NUMBER OF DRAINAGE AREA 
The drainage areas are numbered as follows: 


8) 


Salt Watcr 


11) Capo Cod 


12) Central Coastal 
Coastal 


13) East 
14) Ipswich 
15) Islands 


16) South Coastal 


Boston Harbor 


a Charlés 
22) Mystic 
23) Neponset 


Deviation of 1939 
Precipitation 


From Average 


10 

: Zero 

1) Under 5,1 
2) 5%l=10.0 
3) 10.1-15.0 
4) 15.1+2530 
5) 2541-4050 
6) 40.1-55.0 
7) 55.1=7030: 
8) 7041-10020 
9) Over 100 


Merrimac 


31) Assabet 
32) Concord 
33) Merrimac 
34) Nashua 

35) Sudbury 


Rhode Island 


41) Blackstone 
42) French 

43) Taunton 
44) Ten Mile 
45) Quinebaug 


11) 
12) 


Connecticut 


51) Chicopee 
52) Connecticut 
53) Deerfield ~ 
54) Farmington 
55) Millers 

56) Westfield 


Berkshires 


61) Hoosic 
62) Housatonic 


Deviation of 1939 
Precipitation 
From 1938 


12 
0) Zero 
1) Under 10.1 
2) 10.1-25.0 
3) 25,1-40.0 
4) : 401-55 Ae) 
5) 55.1=70.0 
6) 70.1+85.0 
7) 85,.1-100.0 
8) 100.1200 
9) Over 200 
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TON CODE 


13) Deviation of 1939 19) Total Number of 23) %WePeA. Larvae 


14) Temp. From Ave, Temp. Larval Collection 


1 

5) the 
1): 

9)0 


1) Zero=- 0.50 1) 1 1) Zero = & 
2) 0i51+ 1500 2) 265 2) Gro tel a0 
3) 1,01- 1:50 3) 6 = 10 S)u late e285 
4) 1,51- 2.00 4) lle 15 4) 16 = 20 
5) 2,0l= 3,00 5) 16= 20 S)c®Linte 30 
6) 3.01- 5200 6) 2l- 30 6} Slut «140 
7) 5,01- 7250 7) 31- 50 7) 41 = 50 
8) 7.51-10.00 5} 5l- 100 5 51 = 75 
9) Over-10. 9) Over1l00 9) 76 = 100 
15) Deviation of 1939 20) Total Number of 24) Number of Coll. 
16) Temp. From 1938 Temp. Adult Specimens Points 
15 16 
B) =O): Zero 
1): 1) Under 0451 1) 1 1) 1 
9)0 2) 0.51- 1.00 2) 2 5 2) 2 
3) 1.01- 2.00 3) 6 = 10 3) B= 5 
4) 2.01- 5.00 4) 1l= 20 4) 6-8 
&) 5.0l- 7.50 5) 21l- 30.. 5) 9-11 
6) 7251+10.00 6) 3l- 50 6) 12» 18 
7) 10301-12450 7) 5l= 100 7) 19 31 
8) 12.51-15.00 8)101= 200 8) 32= 48 
9) Overe15 9)Over 200 9) Over48 
17) Direction of Pre- 21) Total Number of 
vailing winds Larval Specimens 
3} None 
1) Not marked 1) 1 
2) N a)2=-65 
: NE 3) 6 = 10 
4) E 4) ll- 20 
5) SE 5) 21~ 50 
6) S 6) 51- 100 
7) SW 7)101- 150 
8) W 8)151= 200 
9) WwW 9)Over 200 
18) Total Number of Adult 22) % WePeAe Adults 
Collections ne orop ony fen 
tz 1) Zero - 5 
2) 2.5 2)o.Osc1! xan BO 
3) 6 = 10 3) 12> = 15 
4) lie 15 4) 16 = 20 
5). 16 20 5) 21. » 30 
6) 21=- 30 6) 31 = 40 
7) 3l= 50: 2) 41 90/60 
8) 51- 100 8) 51 = 75: 
9) Overl00 9) 75 = 100 


Columns 25 to 90 are the same in this code as in the Collection 


Point Code. See Page 43 
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Town Code The weekly summaries of collections in every town included 
both W. P. A. and volunteer collections and were codéd according to the 
accompanying code and then punched on a set of cards. The code enabled 
an analysis of the geographical distribution of the various species, 
the relation of meteorological conditions to the distribution of the 
species, the geographical distribution of the vectors of the disease, 
and the distribution of mosquitoes according to rivers and drainage 
areas. This code covered all collections made during the course of the 
Surveys As a card was punched for every week during which collections 
were made, this set of cards enabled us to determine the seasonal dis- 
tribution and prevalerice of the various species. An attempt has been 
made to do this on a quantitative as well as a qualitative basis. 


Collection Point Code The collection point code was applied to the 

data obtained from two sources: (1) Survey of regular collection points, 
(2) Seasonal summaries for collections made at the collection points. 

The code enabled the compilation of information concerning the influence 
of environmental factors upon the geographical distribution and prev- 
Qlence of mosquitoes. This code made possible the correlation of various 
environmental factors which characterized the breeding places of certain 
species of mosquitoes. It was likewise possible to determine the distri- 
bution of mosquitoes according to counties and watershed areas, 


In order to prevent mistakes between the code sheets and the 
punch cards of the two separate analyses, the town code analysis was 
made with white code sheets and two sets of cards, one pink and the 
other white. The collection point code analysis was made with yellow 
code sheets and the two sets of cards, blue and green. It was necessary 
to have these duplicate sets of punch cards as the establishment of the 
various correlations required more sorting than one set of cards could 
stand. 


Checking As in all statistical analyses of this type, the avoidance 

of errors was paramount throughout the analysis of the data, Therefore, 
the posting, the coding and the punching was checked and re-checked in 
order to obviate as many mistakes as possible. When the posting was 
first begun, a check rovealed approximately a ten percent error. With 
experience this was reduced to five. A spot re=-check of the posting 
revealed less than one half of one percent crror. In coding, the initial 
error was smallor, amounting to about three percent. On a spot recheck, 
this was found to be about one in six thousand, The punch cards‘ them- 
selves were checked against the code shects by the use of a Remington 
Rand Interpolator which printed the numbers punched on the cards them- 
selves. These in turn were checked with the code sheet. We found on an 
initial check an crror of approximately two percent. On a spot re=check 
this error was reduced to about one half of one percont and very few 
errors were found during the sorting of the cards. 


The time required for the coding of both sets was about four 
weeks, The punching and checking of the cards required about five weeks, 
exclusive of the time required in the servicing of the machines, The 
sorting of the cards was completed in six weeks, 
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CHAPTER IX 


SAMPLING THE MOSQUITO POPULATION 


In a survey of this type, only a relatively small sample of 
the entire mosquito population can be studied. Therefore, in order to 
be in a position to generalize about the whole, the sample has to be rep= 
resentative of the population. In this Survey, the selection of samples 
has been carcfully avoiced. The collection of specimens was made in such 
a way as to insure true random sampling without relation to any factors 
except two, The first factor was the limitation of the arca in which'a 
collector was to obtain his samples. The town or city was arbitrarily 
picked as the most practical basic area wnit. The other factor influ- 
encing the collection was the limitation of the nunber of specimens of 
larvae to ten per sample. This number was chosen as the practical limit 
which could be identificd by the ontomological staff. Moreover, it was 
folt that in ten specimens from any one place, thore would be ample op= 
portunity for true sampling of the species oxisting in that place, Al- 
though efforts were made to obtain specimens from the same breeding pla- 
ces.at regular intcrvels throughout the ycar, all places whore mosquitoes 
were found breeding were sampled. Morcover, only ono sample was submite- 
ted from cach breeding place. Under these conditions, the mosquitoes 
reprosent a true random sample of the mosquito population, 


Duration of State-Wide Surve The Survey's training course for the W. 
P. A, supervisors, foromoen and assistant foremen was completed on June 
25rd, During the following week the W.P.A. crows were assembled, and 
training of these men was underway. By the first of July most of tho 
crows wore operating on a full schedule, ond by the middle of July, about 
one-half of the towms wore being covored by the Survey collectors, At 
the end of July the project was in full swing, and colloctions were made 
throughout the state, 


The number of towns in which collections were made every week 
is charted in Figure II. Statcewide collections wore continued for a 
period of thirteen weeks throughout the months of August, Soptember and 
October. Representative collections throughout the state were made dure 
ing the month precoding this complete state coverage. In this way, the 
Survey made collections throughout the Commomvealth during the season 
when equine encephalomyelitis had occurred in 1938, Collections were 
continued by the Survey through the first week of December, but these 
were limited to Dukes County, which, beceuso of its geographical situe 
ation, has a longer mosquito seasons 


Mosquito Collections For the purpose of this analysis, © mosquito col- 
ection is defined as the finding of cithcr one or more adults or one or 
more larvae of once specics.of mosquitoes in one location, If, in a single 
semple, there are more than one specics of larvac, this sample is counted 
&S a separate collection for cach of the speciocs represonted. By defini-e 
tion, it is impossible to have both adults and larvac in the same cole 
lection, as the former are collected from a different location than the 

lattor. 
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Prior to June 15th, all the collections were made by volunteers, 
who were enrolled by the Division of Communicable Diseases in the Depart- 
ment of Public Health. By the first of Juiy, the majority of the collect- 
ions were made by the Survoy personnel. Most of the volunteer collections 
were adults, while those of the Survey personnel were chiefly larvae. 

The total number of collections is sumaarized by counties in Table IV. 

Of the total (49,083) collections of biting mosquitoes 83.5% or 40,983 

collections were larvae. The proportion of adults to larvae varied in 

the verious countios. Im Barnstable County adult collections wore the 

largest both in number and in percent, representing 33% of the total in 
that county. In Hampshire County, adult collections comprised only 5% 

of the total. 


The weekly collections cre chartod in Figure III, this group 
is plotted om thrvc cycle semi-logarithmic paper. There is an intorest- 
ing rise in the number of collections made each week, to « peak of 5,399 
collections in the 40th week (October lst to 7th). The following week 
the crews were limited in travel expenses, and two wecks aftcr the peak 
the crews were gradually discharged, so that by tho 44th woek, only one 
crew was left in the field. 


TABLE IV 


SUMMARY OF MOSQUITO COLLECTIONS 


1939 

Coun Adults Larvae Total 
Barnstable 1395 2870 4265 
Berkshire 477 4507 £984 
Bristol 206 1931 2137 
Dukes & Nantucket 625 1563 2188 
Essex 989 3711 4700 
Frenklin 424 2507 2931 
Hampden 213 3193 3406 
Hampshire 85 1543 1628 
Middlesex 1217 6278 7495 
Norfolk 464 2014 . . 2978 
Plymouth 823 4043 | 4866 
Suffolk 158 388 546 
Worcester 1624 9935 6959 
TOTAL 8100 ~ 40983 49083 


The number of collections as determined by punch card onalysis 
is summarized in Table V. The totals for adults ond larvae, and the 
percent distribution of each are given by weeks. The percent distribution 
of adults is plotted in Figure IV, There was a peak during the 24th and 
25th weck and « gradual decline thereaftcr throughout the duration of 
the Survey. Our interpretation of this peculiar distribution of the adult 
collections rests on the fact that, subsequent to the 28th week (July 9th 
to 15th), there was « gradual increase in the number of larwae due to 
improved breeding conditiogs, and heneec adults TOW xelativaly less num- 
erous as moro lirv:.c were collected. / 
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TABLE V 
MOSQUITO COLLECTIONS 


ADULTS, LARVAE, AND PERCENT DISTRIBUTION 


By Weeks 

Week of Number of Collections Percent of Distribution 
Year | Adults Larvae Total Adults Larvae 
16 0 40 40 0 100.0 
17 0 40 40 fe) 100.0 
18 pa 22 20 4.3 95.7 
19 0 32 32 0 100.0 
20 1 22 235 4.3 95.7 
rg | 1 20 21 4,8 95.2 
22 2 28 30 6.7 93.95 
23 11 31 42 26.2 73.8 
24 65 31 96 Bist S240 
25 186 83 269 69.1 50.9 
26 191 127 318 60.0 40.0 
27 296 249 545 54.3 45.7 
28 512 441 953 53.7 46.3 
29 394 804 1198 32.9 67.1 
30 515 1002 1517 34.0 66.0 
31 460 1500 1960 2349 76,5 
32 553 2102 2655 20.8 7942 
3S 5&5 2542 2927 20,0 80.0 
3 548 3083 5631 1544 84.9 
35 353 5457 3810 9.3 90.7 
36 381 3705 4086 9.95 90.7 
37 588 4091 4679 12.6 87.4 
38 902 4261 5163 17.0 82,5 
39 839 4441 5280 15.9 84.1 
40 608 4791 5399 11.3 88.7 
41 365 2582 2947 12.4 87.6 
42 126 1603 1729 Teo 9247 
43 42 461 503 8.35 91.7 
44 0 130 130 0 100.0 
45 3 87 90 bed 96.7 
46 1 35 36 2.8 97,2 
47 4 32 36 ee 88.9 
48 0) 32 32 0 100.0 
49 1 32 33 520 97.0 
50 ¢) 17 17 8) 100.0 
8534 41756 50290* Lv ld 83.0 


* These figures were obtained from the punch card analysis by 
interpolation from serial grouping. The actual total was 49,083. 
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Specimens Collected The 49,083 collections of biting mosquitoes compris- 
= 278,005 specimens; this is « gross average of 6 (5.7) specimens per 
collection:s There were 25,719 adult specimens in 8,100 collections, an 
average of 3 (2.9) specimens per collection. In 40,983 collections of 
larvac, there were 254,759 specinens, an average of 6 (6.2) specimens 

per collection. It is to be romembered that a collection is defined as 
the finding of any one species; therefore, since more than one species 
were found at a time the number of specimens per sample was higher than 
the above figures indicate, Survey collectors were directed not to gather 
more than ten specimens in any one sample. The number of specimens per 
ficld collection was, therefore, betweon sevon and ten. 


The nuzber of specizens is plottod on three cycle semi-logarith- 
mic paper in Figure V. When the Survey startcd to make collections in 
the 24th weck, the number of adults collected excecded the number of lar- 
vac. However, by the 29th wock, the number of larvae exceeded by far the 
number of adults and continued to do so throughout the continuation of 
the Survey. As has been noted previously, the increased preponderance of 
larvae is duc not to diminished collections of adults but to increased 
collections of larvae. This correlates with the inercased mosquito brecd- 
ing due to improved meteorological conditions as shown in a subsequent 
part of this roport,. 


Collections Per Square idjile As the plan of the Survey was made on the 

City and town as the area unit, the number of collections per square nile 
was different in the various communities. Collections were made in all 

the cities and tovms cxcept two, The number of collections por square 

mile averaged 9 (&.95). The scatter of the towms is charted in Figure 

VI. The chance variation was 9 * 2/9 or 9% 6. This range of 3 to 15 
collections per square mile, inciuded 71 percent of the 349 towns in which 
collections were made, Therefore, there is a greater scatter in this dis- 
tribution than may be expected by chance, The observed variation was 
actually 10.4; 9 tV21 or a range from zero to 30 collections per square 

mile which included all but 8 of the communities, Three reasons are of- 
fered for the greater scatter of these towns than that which might be ex- 
pected by chance. In some of the areas, the personnel composing the crews 
was not adapted to this type of work. The number of collections from 

the districts covered by these crows was much lower than the average. 

This factor accounts for those towms in which the number of collections 

was less than is to be expected. Those communities in which the head- 
quarters of the crews were located invariably had larger collections and 
hence the collections per square mile were much greater. Actually, seven 

of the eight communities that had collections of 30 per square mile or 

more were these in which the headquarters wcre located. The third factor 
which increased this scatter was the contribution made by volunteer collect- 
ors. The response of these collectors varied greatly in diffcrent communit- 
ies and was responsible for unusually high coverage in the communities of 
Brookline and those in Barnstable County, Lastly, it must be borne in 

mind that the towms vary grcatly in area. This is a factor which cannot 

be practically cvaluatcd. When a community was large, attempts were made 

to increase proportionately the amount of time during which collections were 
made cach weck, 
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Population Effects on Mosquito Collections There: were 346 commnities in 
woh Collections were mado by the Survey personnel throughout the grvat- 
er portion of tho Survey, Tho grouping of these communities is made in 
Table VI. 
TABLE VI 
RELATION OF POPULATION TO TOTAL MOSQUITO COLLECTIONS 


ALL COMMUNITIES 


Population Number of Mean of Median of 
-- esto, Commnitics Colloctions Collections 
Under 500 358 103 85 
501 - 1,000 t+ 630 112 110 
1,001 - 2,500 89 118 100 
2,901 = 5,000 63 99 91 
5,001 - 10,000 54 129 91 
10,001 = 25,000 40 140 120 
25,001 = 50,000 14 119 135 
50,001 = 100,000 ne 118 115 
Over 100,000 7 212 245 
346 T21 T05 


The mean was 121 with a ¢hance variation ofViel or ll. When 121 = 2° is 
token as the expected limits of chance variation, all the groups of com- 
munities fall within this limit oxcept one, that "Over 100,000", The 
explanation of this phenomena would seom to indicate that collections 
were greater in communities of over 100,000 and hence there were more 
collectors or mosquitocs were more numerous, 


TABLE VII 
RELATION OF POPULATION TO TOTAL MCSQUITO COLLECTIONS 


Communities with Routine Collections Only 


Number of Mean of Median of 
Population Communities Collections Collections 
Under 500 35 92 : 72 
501 - 1,000 30 112 110 
1,001 = 2,500 86 115 112 
2,001 = 5,000 63 99 | 91 
5,001 - 10,000 48 102 83 
10,001 = 25,000 33 120 110 
25,001 = 50,000 12 102 105 
50,001 = 100,000 8 90 90 
Over 100,000 1 45 45 


Total 216 T06 ie 
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. When «a correction is introduced, tne real facts are to de obser- 
ved. The climination of those communities where collectors wero unusually 
active, indicates that therc was no significant associction of population 
and the number of collections made in the commnity. Table VII summarizcs 
the data. 


The moan now becomes 106 with a chance of 106 110.3. The chance 
variation of 106 * 2v106, « range of 85 to 127 includes all population 
groups except those under 500 «nd over 100,000, Gonerally speaking, the 
communitios with less than 500 population aro inuccessible to collectors 
because of lack of roads and casy means of trinsportaticn., since there is 
only one conmunity in the group over 100,000, this cannot be taken as a 

empleo of the wholo, especially when it is recalled thet the ether soven 
had an average of over 250 collections. These soven were eliminated from 
this group because they were the headquarters of seven of the crew, and 
hence subject to more collecting then was routine, 


It is apvarent that there was no steatisticcl relaticn botweon 
the population of the communities and the number of collections made in 
them. These facts taken into consideration support the evidence given 
above, that the samples of mosquitoos collected by the Survcy are a true 
random and unsclected sample, ond, thorefore, are representative of the 
mosquito populsticn cf the state. 
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CHAPTER X 


METEOROLOGICAL CONDITIOUS AND MOSQUITOES 


There are twenty-six meteorological observation stations scate 
tered throughout the Commonwealth which send their reports to the United 
States Weather Bureau in Boston. Weather data was obtained from them 
during the Survey. With the help of the chief of the Weathor Bureau, 
we divided the stete into creas surrounding cach weather station in such 
away as to obtain the best data on meteorological conditions in each 
community. Topography ond meteorological data were factors to be consid- 
ered in the formation of these areas. 


Rain The relation of rainfall to mosquito collections is charted in 
Figure VII. The initial rise in collections during the 23rd to 25th week 
wos due to the incrocsed organization of the Survey. During the consuing 
month ond up to the beginning of the 3lst weck, the ‘7, P. A. personnel 
was gredually ponctrating into all communitics in the stzte. The large 
increase in collsctions during July ond the first weck in August was due, 
not to an incroase in persomicl, but to en increase in the number of mos- 
quitoes, Howevor, the lest three wecks of August were rather dry, end 
eollections gradually levelled off, 


It was confirmed by ficld cbservaticns that there is on increase 
in mosquito brecdins cne weck ofter oa heavy rain. Howover, the ponds and 
streams were so low that many romeined belcw normal levels throughout the 
season, The association of rain ond mosquitoes becanes more apparent on 
comparison of the 1938 end 1939 precipitation data. During 1938, Figure 
VIII, there wes an accumulaticn of 11.7 inches of rain above normal, sn 
excoss of 26%, That year mosquitocs were unusually prevalent throughout 
the state. In 1939, there was 2 deficit of 5.5 inches of rein, 13% below 
normal. Mosquitces were at no time as provelont as in other years. The 
precipitation of the summers of 1938 ond 1939 is compared with tho normal 
in Figure IX. Tho 1938 rainfall was for above nermel in June, July and 
September, in 1939 rainfall was below nomal throughcut the mosquito seascn. 


It may be well at this tine, to point out the association of 
rainfall to equine encephealomyelitis as observed in the 1938 outbreak. 
If the precipitation date is plotted similorly, Figure X, we find that 
July was <. wot month, ‘hon the reported deaths arc plotted on the same 
chart, it becomes evident that the peak of the outbreak occurred in the 
middle of August, or three to four wecks aftcr the heavy rains of July. 
These facts correlate with the mosquito transmission cf the disease, 
The development of the mosquito from egg to adult rcequircs from one to 
two weeks. Upen emerging, the fenale must bite an infectious horse and 
undergo on cxtrinsic incubation pericd; if it survives, it must bite a 
sccond horse in order to transmit the discasc. Assuming that the mos- 
quito will not bite again for about threo or four days after its first 
meal, a total of two to three wecks would elapse before c horse could 
be infected. As tho curve plotted in Figure X wes cf deaths in horses, 
several days of illness of the animal must be included, It becomes cppar- 
ont, therefore, that a definite time relationship cxists between heavy 
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rainfall and outbreak of equine encephalomyelitis. In the 1938 outbreak, 

& peak was reached three or four weeks after a heavy rainfoll. As pre- 
cipitation decreased the disease diminished and, with the advent of killing 
frosts, disappeared. 
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Temperature Durinz 1958, Figure XI, the temperature showed little devia- 
tion from normal. A deficit in Fahrenheit degree-days developed in April 
and remained unchanged through July. In August an excess accumulated 
which lasted through October, Werm weather is conducive to increased mos-= 
quito breeding. However, the slight excess which accumulated at the end 
of the summer had little effect because of the lack of rainfall. 
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Again we contrast 1939 with 1938 and find that 1938 was a more 
favorable year for mosquitoes. The summer of 1938 was not only wetter but 
warmer and mosquito breeding conditions were nearer the optimum. 

During the 42nd week, frosts had appeared throughout central and 
northern Massachusetts, By the 44th week killing frosts appeared through- 
out most of the state except for the islands south of cape cod. No data 


has been collected upon the persistence of various species of mosquitoes 
beyond the end of October. 


FIGURE X 
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Wind Adult mosquitoes, when borne by winds, will be disseminated over 
@ large area in the direction of the wind. We determined the direction 
of prevailing winds for the towns in which collections were made by the 
Standard United States Weather Bureau Method. Table VIII lists the di- 
rection of the prevailing winds in the towns in which collections were 
made « 


TABLE VIII 
WEEK OF YEAR DIRECTION WEEK OF YEAR DIRECTION 
26 SW 35 W 
27 SW 56 SW 
28 SW 37 SW 
29 SV 38 SW 
30 SW 39 SW 
Sl W 40 NW 
32 W 41] IW 
35 W 42 Wi 
34 W 43 NY 


Ag the prevailing winds throughout the middle and early parts 


of the summer are from the west and southwest, the carrying of mosquitoes 
by the wind is chiefly to the north and northeast. Salt marsh mosquitoes 


were, therefore, carricd in a northeasterly direction, In those arcas 


of the state which are northcast of salt water, adults of salt marsh mos- 
quitoes may be expected to be farthcr inland than where salt water is to 


the northeast. The dissominction of a mosquito-borne discase would be 


more oxtonsive in the direction of the prevailing winds, This observation 


was made during the 1938 outbreak of cquine enccphalomyelitis. 
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CHAPTER XI 


MOSQUITO BREMDING PLACES 


Fach regular collection point was surveyed as described in 
Chapter VI. Table IX was compiled by punch card analysis from the data 
recorded in these surveys. No method of selection was used in picking 
out the breeding places; the crews were directed to collect samples from 
all the breeding places which they found, but they were not to take samples 
from identical sources in an area less than 100 yards in radius. There 
were twenty different types of breeding places included in our analysis: 
natural water bodies, marshes, swamps, ponds, lakes, rivers, streams and 
puddles were most frequent. Dumps and barrels were the two most common 
man-made breeding places. 


TABLE IX 


MOSQUITO BREEDING PLACES 
at 
REGULAR COLLECTION POINTS 


Type of No. of . No. of % of Species No. of Average No, 
Breeding Breeding Species per Breeding Collec= Collections 
Places Places Collected Place tions per Breeding 
Place 

1. Artificial Pool 46 7 lS 435 9,5 

2. Barrel 82 10 012 789 9.6 

3. Bird Bath,Flower Pot 6 4 -66 63 10.5 

4, Cesspool or Overflow 14 7 2 50 128 9.1 

5. Cistern 9 5 5 62 6.9 

6. Dump 92 13 14 1,064 11.6 

7. Watering Trough 27 9 030 273 ~10.1 

8. Cranberry Bog 88 18 220 1,352 15,4 

9. Excavation 19 1i 207 185 Vat 

10. Quarry 2 5 2.50 27 13.5 

ll. Sand Pit 7 6 285 47 6.7 

12. Root Hole 22 9 041 175 7.9 

13. Tree Hole 15 8 005. 187 12.5 

14. Well 13 11 84 169 13.0 

15. Marsh or Swamp 637 15 024 tgten 12.2 

16. Pond or Lake 468 15 2032 5,025 10.7 

17. Puddle 110 14 0127 1,012 9.2 

18. River or Stream 1,173 pte 014 10,519 9.0 

19. Rocky Crevice 9 8 - 88 69 726 

20. Running and Still 382 18 204 3,805 9.9 

Water Combined 
Total o,aek - 


9.467 35,167 oe 204.6 
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TABLE X 


REGULAR COLLECTIONS OF LARVAE 
ST TTD 
ps 9 apt 
DIFFERENT TYPES OF BREEDING PLACES 


wn 

fe q 

n ” par 

3 3 3 

os} a of 

re © rd 

4 § ‘3 

© oO. nm 
Artificial Pool bead 1 - - - -~ - -~ ~ - 
Barrel ~ 1 19 - ~ - 1 - 4 6 
Bird Bath & Flower Pot - § - - ~ - - - - - ~ 


Cesspool & Overflow 


Cistern 

Dump | 

Watering Trough 
Cranberry Bog 


Excavation 


Quarry 


Sand Pit 

Root Hole 

Tree Hole ) 
Well 

Marsh & Swamp 
Pond & Lake 
Puddle 

River or Stream 


Rocky Crevice 


Running & Still Water 


- ut 2 1 1 1. 3 - & code 


° & 106 222 - - 85 - - 118 


DiCapo + + GS te le 


- Srae 71 - 6 “ - - v2 
oo et eee... OE 3 9 86 1 262 
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TABLE X 
REGULAR COLLECTIONS OF LARVAE 
setuanewnse Bree: ‘ceendmdk je Mae 


DIFFERENT TYPES OF BREEDING PLACES 


ANOPHE LE: LEX HRORALDIA TIRANOTAENTA 

t i os a i an 

5 $ a n a 5 3 a 5 

jon jon 5 “fd ” tw I 8 & 

td “d : rs 3 » 5 al bh 
rd 4 un 3 ro) rs ord § “dl Keo} : o 
pa ro) cs: © ot ot = 2) Qy Q 
io 3 3. Le atte 6 a. +4 2 3 § 
fd ad oe = ey a » wv ig a Ou, 
Ce ee ee a a ae ce, ee re 
- 47 5 129 435 8 - - - - 2 
- 8 ” 18 36 a - - ~ - 3 
- 7 11 29 76 3 - ~ ‘ 4 
- 6 1 30 24 1 ~ ~ - - 5 
- 58 33 315 569 43 ~ - - ~ 6 
1 28 5 61 171 4 ~ - - ~ 7 
- 69 29 980 100 54 $l Ld 5 13 8 
2 22 7 65 71 3 13 - - 2 9 
- 3 - 9 13 1 Ka - - ~ 10 
- 5 2 18 18 1 3 - - - pie! 
- 1l 7 54 40 8 re | 26 ~ 1 12 
- 13 10 58 59 8 aD 13 - FE 13 
- 19 3 56 47 1 ST - - 1 14 
10 703 216 2879 2198 364 786 125 - 158 15 
8 686 Sol 2053 1217 88 369 34 - 156 16 
1 131 34 3e7 393 18 64 7 ~ 6 17 
16 2329 636 3055 3260 184 814 $l - 118 18 
- fe) 7 19 23 2 7 “ae - 19 
5 624 175 1385 641 105 364 21 ~ 89 20 


43 4689 1549 11791 9669 905 4541 268 5 545 
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The number of collections averaged 10.5 per breedin ng place. 
chance is taken nevi or 3.23; the chance veriation of 10.3 ® 2(3.2), 

« range’of 3,9 to.16.7 includes all the breeding places, This indicates that 
the collection points were visited about the same number of times and that 
there is no statistical difference in the number of collections made in the 
different types of breeding places. This Survey, therefore, made on unselect- 
ed collection of lurvae from the various types of breeding places, 


The number of species in the different tynes of breeding places 
varied from four in bird baths ond flower pots to eighteen in cranberry bogs, 
and running and still water, The average number of species per breeding place 
is noted in Table IX, When the sum of these is divided by the number of types 
of breeding places, a mean of ..47 is obtained for the series, The chance 
variation of this mean boing 2.47, the chance distribution varies from .47+ 
1.4 or 1,87 to .47 - 1.4 or 0.0. This range includes all types of breeding 
places except one, and statistically the distrivution of species in the dif- 
forent types is not significunt and may be due entirely to chance, 


TABLED ATI 
CHARACTER OF WATER IN NATURAL \/ATER BODIES 


Number of Collections 


Type of No. of Brown Color= iuddy Float- Float- Float- Float- Un- 
Water Collec= less age age & age & age & classi- 
Body tion Brown Color=- Muddy fied 

Points less 

Marsh & Swomp 637 146 179 191 -~ ee 17 19 63 
Pond & Lake 468 84 271 42 - 7 24 oe 58 
Puddle 110 28 56 25 - 1 3 4 13 
River or Strceeml173 209 653 150 1 24 27 27 102 
Rocky Crevice 9 - 4 3 - ~ - - 2 
Running & 

Still Water 582 58 154 36 1 4 6 12 111 
TOTAL 2779 > am ag 427 @ 08 i i 64 329 


Percent of Collections 


Marsh & Swomp 22.9 3,2 6.4 6.9° «= veo 6 OS 0.7 2.35 
Pond & Lake 16.6 520 9.8 1.5 - 0.3 0.9 Cel 1.4 
Puddlo 4.0 Le feo 0.9 - i! | | 0.5 
River or Stream 42.2 Led 23560 re ~ 0.9 140 1.0 3.7 
Rocky Crevice od ~ 5 Od ~ ~ - - 0.1 
Running & 


Still Water 13.8 Le 6.5 i<o = O.1 0.2 0.4 4.0 
Sed 


1 
TOTAL 100.0, 18,9 46,7 5.4 Geo 2el 2.8 . 11.8 
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This lack of significance is’ confirmed by the application of 
Student's formule for correlation. If tho absolute value of r is less than 
2/Vnel, then there is no significenoc. Here ris czleulated to be .23 and 
2/Vne-l is 2V20-l which equals 2x19 2/ 4.4 = .45, Since this latter value 
is greater than r, there is no stctistical significance in the number of 
species found in any of the breeding plcces, 


The distribution of the species for each type of breeding place 
is included in Tatle IO, It includes only collections mudo at rogular 
collection points. This ti.ble includes 32,907 collections of a total of 
58,976. The importcncs of any type of breeding place for each species 
can be determinod by calculating tho percent of the totcl which was found 
in tho type under considergtion. It must be romomberod that these differ- 
ent breeding places aro an enumeration mado by the Survey and do not rep- 
resent « consus of all such plecos. The conditions undcr which the Survey 
wos made must be considered in interpreting this cond oll other data. The 
figures on larvac in this chapter apply to collections made at regular col- 
lection points, not to the tot:.1 collections of the Survoy,. 


TABLE XII 
COLLECTIONS CF VECTOR LARVAE FROM BODIES OF WLTER DIFFERENT IN CHARACTER 


Number of Collections 


AEDES ANOPHELES 
Character ATROPAL® CANTA= SOLLICI- TAENTO- TR sual QUADRI- 
of Wetter PUS TOR THIS RHYNCHUS ATUS MACULALTUS 
Brown ‘ 28 3 - a: 50 279 
Colorless 25 74 60 13 yes 134 689 
Muddy - 30 15 1 2 61 193 
Floatcge - - ~ - aaa an ‘le. 
Floatege & 
Brown - - - - i 3 39 
Floatcage & . 
Colorless 1 - - - ~ 5 43 
Flocatege & 
Muddy ~ 1 - - - 5 1% 
TOTAL 55 153 78 14 ° 208 1254 
Percent of Collections 
Brown 21 aL ~ 20 19 22 
Colorless 76 55 77 93 20 52 55 
iuddy ~ 22 19 7 40 24 16 
Floatcgo ‘- - iy - - ~ - 
Floatage & 
Brown — -_. ~ ~ - 20 1 be 
Floantagé & 
~~" Colorless 3 1 - - ~ 2 3 
Floctage & 
Muddy -.. 1 Me Mn - =. 2 1 


TOTAL @) 100 a i * ° aly 100 190 100 100 
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The breeding peculiarities of those species which are of public 
health importance is further analyzed in the following tables. There was a 
difference not only in the type of water collections in which various species 
breed but also in the character of the water. The nature of the water in the 
different types of natural water collections is analyzed in Table AI. Clear, 
colorless water was present in almost one-half of all collection points, brown 
water in about one-fifth and muddy in oneesixth, Clear streams represented 
one-fourth of the collection points, The collections of vectors of equine 
enccphalomyelitis and of the principal carrier of malaria arc corrclated with 
the various; charactcristics of the wator in Pable XII. Acdes cantator, Aedos 
vexans, and Anopholes quadrimaculatus wore collected in the diffcront types 
of water as might bo expoctod by chance. Aedcs atropalpus, Acdcs sollicitans, 
and Aedcs tacniorhynchus were found in clear, colorless water moro oftcn than 
could be: expected by chance. Theso three specics, thorcfore, seem to prefer 
clear water to any other. 


& second important charactcristic of breeding placcs is the bottom 
of the wator collection. The nature of the bottom effects the chemistry of 


TABLE XIII 


CHARACTER OF BOTTOM IN NATURAL WATER BODIES 


~ Number of Collections 


Type of No. of Now Noe Now Now Noswith Noe No. Un= 
Netural Collce= with with with with Earth with with classi-e 
Water Body tion earth Leaves Rocks Sand or Mud vegeta- Leaves fied 
Collection Points & Mud & Rocks tion & Other 
ars Swamp 6 ole 3 6 4 127 
Pond & Lake 468 208 4 4 30 36 3 71 112 
Puddle 110 53 2 2 4 5 1 21 ae. 
River or Stream 1173 427 ~ 39 82. 137 4 138 546 
Rocky Crevice 9 1 - 2 - 1 - 2 3 
Running & 
Still Water 382 112 2 5 14 46 3 80 120 
TOTAL atlt9 13 58 44 257 é 439 735 


Marsh & Swamp fcat 606 | ogkee | Gah Osc. QeG ded 04 4.5 4.7 
Pond & Lake 16.6 Tet... Oar Ost Jel das O.1 2.5 4,0 
Puddle 4.0 Ls9 Oel O.l 0,1 ee - 0.8 0.8 
River or Stream 4263 15.4 - bet GeO 469 Oel 5 20 LaedD 
Rocky Crevice 0.3 - - Ol - - - Oel Ol 
Running & 

pULLe Water 13.8 4,0 O« af Oe2 0.5 hal Oeol 209 4.35 
TOTAL , 99% 3960 Oe e% De De Ov 58 6 4 
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the water and also the type of vegetation that may grow in the water. This 

data is collected and summarized in Table XIII, Although about one-half of 

the collection points were characterized by clear, colorless water,the bot-= 
toms of an equal number of water bodies were composed chiefly of earth and 

mud. The association of these environmental factors upon the presence of 

the larvae of the vectors is shown in Table XIV. There is much less asso- 

ciation of species and bottoms of water bodies than with species and types 

of water, Here, there is a wide scatter and there is no definite correla- 

tion in this series, except with Aedes atropalpus which prefers water bod- 

ies with rocky bottoms. rat 


The type of vegetation growing in the water is a third important 
factor in the environment of larvae.Water plants effect the chemistry of the 
water, afford shelter against enemies and assist in preventing rough water 
during windy or stormy weather. The data on the existence of various types 
of vegetation in the water is tabulated in Table XV. In oneethird of the 
water bodies, the type of vegetation was not classifieds; in most of these in- 


TABLE XIV 


COLLECTIONS OF VECTOR LARVAE FROM BODIES OF WATER WITH DIFFERENT BOTTOMS 


Number of Collections 


AEDES ANOPHELES 

Character Al 
of Bottom PUS TOR TANS RHYNCHUS ATUS ‘ MACULATUS 
Earth or Mud 7 107 og 2 1 T19 691 
Leaves ~ - - - - 2 “7 & 
Rock 11 - - ~ - 8 at 
Sand ~ 8 1 - = 24 73 
Earth or Mud 

& Rock 1 - - ~ - 3 122 
Vegetation - 13 40 13 - ) 5 
Leaves & Other - a7 2 - c 37 150 
TOTAL 19 145 82 15 3 205 1054 

Percent of Collections 

Earth or Mud 37 74 48 13 33 58 66 
Leaves - - ~ ~ - 1 - 
Rock 58 ~ - ~ ~ 4 1 
Sand ~ 5 1 - - 12 7 
Earth or Mud 

& Rock 5 - ~ ~ - 4 12 
Vegetation - 9 49 87 - 3 - 


Leaves & Other - 12 ak /- 67 18 14. 
TOTAL 100 100 100 100 LOO 100 100 
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stances, there was very little vegetation, too little to be classified as 
characteristic of the collection point. Lily pads were the most commonly 
recognized water plant, algae were the second and duclweed third in numer- 
ical order. The association of larvae with these plants is given in Table 
XVI. As is to be expected, theré is a negative correlation between lily 
pads end the salt marsh edges tide because lily pads seldom grow in brack= 
ish water, Aedes atropalpus is associated with algee where this plant was 
prominent cnough to be marked as characteristic of the collection point, 
This indicetcd thet Acdes atropalpus prefers cloar, colorless water with 
rocky bottoms whore algae is the principal weter plant. . 


The vegetation which grows at the wator edge and in shallow 
water is cven more important than the weter plants. licrsh grass, cattails 
and other similar plants afford greator protection against rough weter and 


TABLE XV 
KINDS OF VFGuTATION IN NATURAL WATER BODIES 


Number of Collvctions 


Typo of Noe of Un- Noe Nos Now WNoe No.with Nowith No.with 
Water Body Collce= classi= with with with with ~ Lily Algac & Duck- 
tion ficd Lily Algeo Ducl= Water Pads & Other weeds _ 
Points Pads weeds Mossos Othor & Other 

Marsh & Swomp 667 165 7 fe 20 Sp | 135 89 20 
Pond & Lake 468 96 oo. £0 € 33 185 49 4 
Puddle 110 66 1 6 6 11 ~5 13 2 
River or 

Stroam 1173 506 60 88 54 150 152 127 36 
Rocky Crovico 9 5 1 ~ - @ 1 - - 
Rumniing & 

Still Water 382 96 19 862 11 34 137 51 10 
TOTAL ‘ate woo en eG aoe 281 615 329 72 

Percent of Colicctions 

Marsh & Swamp 22.9 59 Seo 2e2 9 1.8 448 Sez oT 
Pond & Lako 16.8 34 205 069 ee 1.1 6be7 1.7 1.4 
Puddle 509 2 ot 20 wh et o4 en o5 el 
River or 7 

Stream 4202 18,2 ae 4 ee | 1.9 5 et 5a5 4.6 las 
Rocky Crevice 0.3 08 - - - oi - - - 
Running & 

Still ‘iator l3ef 504 of 09 ot 162 4.9 1,8 e4% 
TOTAL 9568 S204 Set fem G28 dee Geen. 11.8 O09 
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against natural cnemies than do water plants. Often these plants interfere 
with mosquito-control measures, The occurrence’ of these plants in the 
various types of breeding places is summarized in Table XVII. Marsh grass 
was the most commonly recognized plant at the edges of water bodies, being 
almost twice as frequent as cat-tails and reeds. Other plants were observed 
in too small a number to justify ony attempts at statistical analysis. 


The association of plants at the water edge and larvae is made in 
Table XVIII. Tho highest cssociation is between Aedes taeniorhynchus and 
marsh grass. There is a significant assocdation betwoen salt marsh mosqui- 
toes ond marsh grass. fedes vexans and Anopheles quadrimaculatus were col- 
lected with the chance frequency in association with different types of veg- 
etetion. | 


Lastly, not all species were found in the same collection point. 
Certain species were found in the same water collection with oa greater fre- 
TABLE XVI 
COLLECTIONS OF VECTOR LARVAE FROM BODIES OF WATER WITH DIFFERENT VEGETATION 


Number of Collections 


AEDBS ANOPHELES 
Vegetation ATROPAL= CANTA= SOLLICI- TAENIO- TRISERI- VEXANS QUADRI- 
in Water PUS TOR TANS RHYNCHUS ATUS MACUL."US 
Lily Pads - - - 1 I aS 
Algae 5 46 55 15 - ao lle 
Duckweeds ~ - - - 1 3 ve: 
Water Mosses - 53 12 - - 20 159 
Lily Pads & 

Other 1 5 4 14 ~ 50 440 
Algae & Other 13 4} 14 - 1 41 204 
Duckweeds & 

Other - 11 ~ ~ - 19 54 
TOTAL 17 157 85 29 3 175 4427 

Percent of Collections 
Lily Pads - ae _- - 33 12 8 
Algae 18 29 65 52 - 10 16 
Duckweeds - ~ - - 33 2 6 
Water Mosses - 34 14 ~ - 13 14 
Lily Pads & 

Other | 6 3 5 48 - 29 39 © 
Algac & Other 76 26 16 ~ 34 29 18 
Duckweeds & 

Other ~ 7 - - ~ bes 5 


TOTAL 00 100 100 100 100 00 
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quency than others. The larval associates of the vectors of equine encephal- 
omyelitis and of malaria are summarized in Table XIX. Aedes atropalpus was 
found to be most frequently associated with Culex pipiens. All other vectors 
were associated with Culex apicalis and Culex pipiens to about the same degree, 
In addition, Anopheles quadrimaculatus was equa y associated with Anopheles 
punctipennis. It is to be noted that these associates are between species 
collected in a collection point one hundred yards in diameter throughout the 
entire season. The species may not have been collected at the same time nor 
from the same water collection. However, in the majority of the cases, there 
was only one water body at a collection point and, therefore, the associations 
hold as to place better than as to time. The salt marsh breeds were collected 
from the same water bodies as the Culex, These associations were frequently 
encountered among specimens contained in vials received at the laboratory. 


There is very little positive association between the various salt 
marsh mosquitoes. This observation may be explained in part by the fact that 


TABLE XVII 
KINDS OF VEGETATION AT EDGE OF NATURAL WATER BODIES 


Number of Collections 


' , - 8 
© id 4 5 f . 1a - o ab 
a) Oo i) uy 4 4 Ud 4 oO o 
3 © 4 2 § 2 3 0 Sr @ 89 
a © FS ae Ss m2 2 a OO a4 
Sg- Fa Rg Ba’ Bde Fo. Fo ecokcgorms 
° e @ e h& «© © 3 eo k e op e t& esi 
° ov oem) ° tf oO & Oo} oro foe) o 2apP 
a mi ei A. A a a S jolts 
Marsh & Swamp 637 25 5 “6 10 170 228 95° 104 
Pond & Lake 468 12 3 8 4 119 143 87 92 
Puddle 110 A 2 ~ 4 24 9 6 63 
River or Stream 1173 23 22 22 10 399 174 211 312 
Rocky Crevice 9 ~ - - - 1 - 1 7 
Running & 
Still Water 362 2 1 5 - 82 175 66 53 
TOTAL 2774 64 35 4) 28 795 721 466 631 
Percent of Collections 
Marsh & Swamp 209 0.9 Os 0.2 0.4 6.1 7.9 be4 mal 
Pond & Lake 16.8 4 Ded 0.3 ee 4.2 5.1 Soak Sed 
Puddle 4.0 ek me ad 0.3 0.9 0.8 0.2 Zan 
River or Stream 42.2 0.8 0.8 0.8 0.4 14.4 6.3 FeG6riddie 
Rocky Crevice Pz) - - - - - - - ao 
Running é& ; 
Still Water 13.8 O.1 - Ouc ~ 3.0 G.c 2.4 159 
TOTAL 100.0 bed LZ 1.5 1.0 28.6 25.8 56,7 ° Bear 
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Aedes cantator may breed in water containing less salt than that in which 
Aedes sollicitans breed, The fresh water Aedes vectors are significantly 
associated with Culex territans which was collected in much smaller num- 
bers than other species of Culex. 


= 


TABLE XVIII 
COLLECTIONS OF VECTOR LARVAE FROM BREEDING PLACES 
WITH DIIFERENT VEGETATION AT WATER-EDGE 
Number of Collections 


AZDES ANOPHELES 


Vegetation ATROPAL- CANTA- SOLLICI= TAMNIO- TrisoRi- VEXANS  QUADRI- 
at PUS TOR TANS RHYNCHUS. ATUS MACULATUS 

Water-Edge 

Cat-tails & 

Reeds - - ~ - - 9 49 
Pickerel Weeds - 1 ~ ~ = 5 22 
Arrow Heads - ~ - ~ - 3 27 
Bulrush ~ ~ ~ ~ - 1 1 
Marsh Grass 17 70 65 15 2 72 409 
Cat-tails, 

Reeds & Other 1 52 22 ~ 2 71 378 
Marsh Grass & 

Other 3 37 § - - 55 256 
TOTAL i 160 9 15 4 216 1142 


Percent of Collections 


Cat-tails & 


Reeds - - - ~ ~ 4 4 
Pickerel Weeds - 1 - ~ - 2 2 
Arrow Heads - ~ ~ - ~ 2 3 
Bulrush ~ - - - - 1 ~ 
Marsh Grass 81 44, 71 100 50 335 36 
Catetails, 

Reeds & Other 5 32 24 ~ 50 353 33 
Marsh Grass & 

Other 14 23 5 - ~ 25 a2 
TOTAL 100 100 100 100 100 100 100 


In all these tables only a few attempts have been made to interpret 
the data. Too many factors are concerned in the ecology and bionomics of 
mosquitoes to assign any one observation to a peculiar circumstance without 
due consideration of all other factors. For this reason, the observed facts 
have been presented without much comment so that the reader may make such 
interpretation as his experience and knowledge permit. 
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ae ANOPHELES 
SPECIES ATROPAL- CANTA- SOLLICI- TRIS QUADRI- 
Pus "CR TANS ATUS MACULATUS 
Aedes atropalpus _ — = - 4) 9 
A.canadensis - 12 1 ~ 6 2 
A.cantator ~ ~ 50 1 80 9 
A.cinercus ~ 15 4 - Sl 10 
A.excrucians ~ - - - 3 - 
Aed t40ni2. - - - - ~ - 
A.intrudens 1 a si ie z z 
A.sollicitans - 83 - ~ - - 
A.stimulans ~ ~ - - ” - 
A.taeniorhynchus - 15 16 - - - 
A.triseriatus - 1 ~ ~ 2 - 
A.vexeans 13 45 11 e ~ 70 
Anopheles punctipen- 
nis 30 13 8 10 382 1857 
A.quadrimaculatus 4 9 14 - 82 - 
Culex apicalis 34 449 123 43 1088 2394 
C.pipicns 89 368 135 43 844 1837 
C.salinarius 3 215 91 ~ 109 188 
C.territans 47 65 15 42 438 559 
Theobaldia melanura - 47 8 1 42 13 
T.emorsitans ~ ~ ~ - 1 1 
TOTAL 219 1355 476 142 B1be 6949 
Percent of Collections 
Acdes atropalpus - - - - 01.3 00.1 
A.canadonsis ~ 00.9 00.1 ~ 00.2 - 
A.cantator - 10,5 00.7 02.5 00.1 
A.cinereus ~ Gist 00.8 ~ 01.0 00.1 
A,excrucians ~ - ~ ~ 00,1 ~ 
A.fitchii ~ - - “ o 3 
A.intrudens 00.5 - ~ ~ 00.1 ~ 
A.sollicitans - 06.2 - ~ ~ - 
A.estimulans ~ — - - ~ ad 
A. taeniorhynchus ~ Ol.1 03.4 - - - 
A.triseriatus - 00.1 ~ = 00.1 - 
A.vexans - 05.9 03.4 02.3 01,4 ~ 01.0 
fmophelcs punctipen- 
nis date: t 01.0 01.7 07.0 Leek 26.7 
A.quadrimaculatus 00.9 00.7 02.9 - 02.6 ~ 
Culex apicalis 15.5 35.6 25.8 30.3 54,5 34.9 
C.pipiens 40.6 276 26.4 50.3 26.8 26.4 
C.salinarius 01.4 16.1 19.1 - 03.5 02.7 
C.territans 21.5 04.7 03.2 29.6 13.9 08.0 
Theobaldia molanura ~ 300 OL? 00.7 01.3 00.2 
Temorsitans ~ - ~- - “a - 
TOTAL Pe aaa aia: mi: «alata + rama SO ia 


TABLE XIX 


Number of Collections 


ee ee ee 
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CHAPTER XII 


THE COLLECTION OF ADULT MOSQUITOES 


Adult mosquitoes were collected by two methods. The most im- 
portant of these was the capture of specimens by the killing tube, which 
was placed directly over the resting mosquito. The second method was 
sweeping with nets. As the collectors were novices in using the net, 
and since some experience is required in its manipulation, this method 
was less productive than the former. There were 23,719 specimens in 
8,100 collections. Adults represented 16.5% of the total collections. 
Although 75% or more of the adults were collected by the personnel of 
the Survey, and, hence, represented collections of those adults with 
diurnal habits, the remainder of the collections were made by volunteers 
and represent mosquitoes with nocturnal habits. 


Biting Habits This data is summarized in the following series of tables. 
Table XX, Adult Mosquitoes Caught on Man, is a list of those mosquitoes 
which were collected by placing the killing tube over a mosquito which 
was resting on a person's body. Although the mosquito may not have been 
biting, it presumably was attracted to man in the anticipation of obtaining 
TABLE XX 
ADULT MOSQUITOES CAUGHT ON MAN 


NUMBLR OF 


SPECIES SPEC IMENS PERCENT 
Aedes sollicitans oe ae . ee 
Mansonia perturbans oll 25.8 
Aedes cantator $11 167 
Aedes vexans 120 6.0 
Aedes aurifer 52 2.6 
Aedes canadensis 50 2.5 
Aedes cinereus 47 - 204 
Culex pipiens 42 ied 
Aedes excrucians 20 Lig L 
Aedes intrudens ag 0.9 
Culex salinarius 14 0.7 
Aedes taeniorhynchus ig 0.6 
Culex territans 10 0.5 
Anopheles punctipennis 7 0.4 
Culex apicalis 6 0.3 
Aedes fitchii 4 Oe 
Aedes triseriatus 3 0.2 
Theobaldia melanura 3 OZ 
Aedes species unidentified 3 0.2 
Aedes stimulans 2 Ores 
Anopheles quadrimaculatus 4 0.1 
Aedes dorsalis 1 0.0 
1977 oo. 2 
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a blood meal. Aedes sollicitans is the most numerous offender. Mansonia 
perturbans was a ferocious biter, but, because of its early seasonal in- 
cidence, soon ceased to be a nuisance, Aedes sollicitans was more numerous 
towards the middle and end of the mosquito season. Aedes cantetor and 
Aedes vexans were more prevalent during the middle of the season. These. 
last three are vectors of equine encephalomyelitis and were the three most 
numerous biters. 


There was some variation in the mosquitoes which were collected 
inside houses and those which were collected on man. Those which were 
collected inside houses were contributed by volunteers who were interested 
in finding out what mosquitoes interrupted their slumbers. The following 
table, therefore, represents mosquitoes with greater nocturnal biting habits 
as contrasted with those in Table XX, where diurnal activity predominated. 


TABLE XXI 
ADULT MOSQUITOUS CAUGHT IN HOUSES 


NUMBER OF 


SPECIES SPEC IMENS PERCENT 

Culex pipiens 975 oll 
Mansonia perturbans 911 29.1 
Anopheles quadrimacuiatus 407 13.0 
Culex apicalis 18S 6.0 
Culex territans 165 5.3 
Culex salinarius 85 nat 
Aedes cantator 56 i.8 
Aedes sollicitans 56 z,8 
Anopheles punctipennis 46 1.5 
Aedes vexans 44. 1.4 
Anopheles maculipennis 27 0.9 
Culex species unidentified 26 0.8 
Anopheles walkeri 20 O77 
iedes triseriatus 19 0.6 
Acdes canadensis 17 0.5 
Theobaldia melanura 14 0.4 
Aedes atropalpus le 0.4 
Aedes excrucians V4 0.4 
Aedes eaurifer id 0.3 
Aedes cinereus 10 0.3 
Aedes trivittatus 9 0.35 
Aedes fitchii 6 0.2 
Aedes intrudens 5 0.1 
Aedes species unidentified 3 0.1 
Chaoborinae species unidentified 5 0.1 
Acdes stimulans 1 0.0 
Acdes punctor 1 0.0 
Theobaldia morsitans 1 0.0 

$130 99.8 


Culex pipiens and Mansonia perturbans are the most frequent invaders, 
Anopheles guadrimaculatus, the malaria vector, is third. Culex apicalis 
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which is described as a biter of cold-blooded animals, was fourth in this 
series. The Aedes mosquitoes were infrequent invaders of homes and were 
not a serious menace: inside buildings. This observation indicates that 
the greatest danger from vectors of equine encepurlomyelitis is outdoors. 


In evalueting the duta above, it is necessary to point out that 
all mosquitoes do not enter houses with the intent to bite. Although most 
mosquitoes are attracted indoors with the prospect of a biood meal, some 
Species, such as Culex apicelis onter houses to hibernate. With the approach 


TABLE; XXII 


ADULT MCSQUITOES CAUGHT ON MAN AND IN HOUSES 


NUMBER. OF 


SPECIES SPEC IMENS PERCENT 
Mansonia porturbans “1,420 eee 
Culex pipiens 1,015 19.8 
Aedes sollicitans 794 15. 
Anopheles quadrimaculatus 409 ‘ 
Aedes cantator 567 ° 
Culex apicalis 195 . 
Culex territans 175 ° 
Aedes vexens 164 ° 
Culex salinarius 99 ° 
Aedes canadensis 67 . 
Aedes aurifer 63 ° 
Aedes cinerous 57 . 
Anopheles punctipennis 53 . 
Aedes excrucians 32 " 
Anopheles maculipennis 27 ° 
Culex species unidentificd 26 : 
Anopheles walkeri 23 


Aedes triseriatus 


22 

Aedes intrudens 22 
Theobaldia melanura 17 
Aedes atropalpus 12 
Aedes taeniorhynchus 12 
Aedes fitchii 10 
Aedes trivittatus 9 
Aedes species unidentified 6 
Chaoborinae species unidentified 3 
3 

1 

\ 

pi 

5,10 


4edes stimulans 
Aedes dorsalis 

fedes punctor 
Theobaldia morsitans 


Oo oO Gy GiswO GO O.0: GOO O G00 & Brena, AO OO 
OOOFRKRKRPNNNA NA KP ANUORDOK’KVNWONDK OAH OM 


of cold weather, mosquitoes are more likely to seek warm winter quarters, 
When the mosquitoes caught in houses are added to those which are caught 
on man, a better index of the biting mosquitoes can be obtained. This data 
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is compiled in Table XXII. Here the species are rearranged as to their 


numerical importance: Mansonia perturbans heads the list, Culex ee is 
second, Aedes sollicitans is third and Anopheles quadrimaculatus, fourth. 


Among the species captured in houses, the vectors of equine encephalomyeli- 
tis represent about one-fourth of the total number of specimens. 
TABLE XXIII 


ADULT MOSQUITOES CAUGHT IN BARN AND STABLE 


NUMBER OF 
SPEC IES SPECIMENS PERCENT 

Culex pipiens 98 46.4 
Mansonia perturbans 35 16.6 
Aedes vexans 18 8.5 
Aedes cantator 14 6.6 
Culex salinarius 13 6.2 
Culex apicalis 8 5.8 
Anopheles quadrimaculatus 4 1.9 
Culex territans 4 1.9 
Culex species unidentified 4 1.9 
Aedes cinereus 3 1.4 
Aedes excrucians 3 1.4 
Anopheles punctipennis 3 1.4 
Aedes atropalpus 1 0.5 
Aedes fitchii 1 0.5 
Aedes sollicitans 1 0.5 
Aedes stimulans 1 0.5 

211 100.0 


Table XXIII lists the mosquitoes caught in barns and stables. 
Presumably, the main attraction was the prospect of a blood meal. Here, 
however, the blood was not from men, but from horses, cattle and other 
domestic animals. A second urge which became effective with the onset of 
cold weather, was the seeking of a warm place in which to hibernate. Culex 
pipiens was by far the most frequent invader of the barn and stable. Mansonia 
perturbans was the second in numerical importance and Aedes vexans, third. 
hedes sollicitans, which is a ferocious biter of man, was caught only once 
inside a barn or stable. The collection of adults in relation to the density 
of buildings is discussed in subsequent parts of this report. 


Environment The collection of those species of mosquitoes which are of pub- 
lic health importence in different types of terrain is summarized in Table 
XXIV. This data is based on adults caught at regular collection points, It is 
to be expected thet collections were made more often in certain types of ter- 
rain in preference to others. Cultivated fields were seldom trespassed upon 
end,henee,only a few collections were made here.The description of the collec-~ 
tion point area as given in this table is the chief character of the land in- 
cluded in the one hundred yard radius of the collection point. In many in- 
stances, other types of terrcin were also present, but represented only a 
small portion of the collection point area. The totals on the left of Table 
XXIV furnish a base against which the species data can be compared. Aedes 
cantator and Aedes sollicitans were caught with about equal frequency in 
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meadows and in woods, Aedes vexans was captured most frequently in the 
woods. The preference of this mosquito for the woods is an important factor 
in any control-program that may be instituted against equine encephalomyeli- 
tis. Horses should be removed from pastures that are in close proximity to 

TABLE XXIV 
ASSOCIATION OF VECTOR ADULTS 
WITH DIFFSRENT TYPES OF TLRRAIN 


Number of Collections 


nO CERRSC EEC: sk NRCC! EES 


n 4 na x 
n 
“ Ri igha: 8 fi Paes 
4 re) aa ro “4 
© 3 p ) ) bi Au 2) 
& oy <3 ‘A “i © pa B g 
E ei iuall 2 ae i]s mh ee: 
£ Si 1Sei! S= | se 11s a | 3 
7 ~ = 3 
Meadow=Pastured - it 32 1 4 1 2 51 
Meadow-Unpastured = 102 177 8 ra 16 10 315 
Rocky ~ ~ - ~ - 1 3 4 
Woods - 67 92 3 16 56 14 248 
Meadow & Woods - 70 99 1 5 24 5 204 
Meadows & 
Cultivated Fields i. 11 20 - 2 4 2 40 
TOTAL i» ih 2th i. .da@ 09. ..100.. SS Dboomeen 
Percent of Collections 
Cultivated Fields - 2.6 VS - - 6.4 Ter 3.0 
Meadow-Pastured - 4.1 7.4 Tat 13.8 0.9 Dek 5.7 
ieadow-Unpas tured ~ antiliak: | ih oh tyOeS 6.8 14.6 25.6 35,5 
Rocky - - - - - 09 7.7 04 
Woods - 25.0 21.5 25el 55.5 61.3 35.9 27.9 
Meadow & Woods - 26.1 20 ge 7/2 27,2 22.0 12.8 25.0 
Meadows & Cul- 
tivated Fields 100.0 4.1 4.6 - 6.8 Se7 5.1 4.5 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


woods, and people should refrain from entering woods during outbreaks of 
this disease. In this way, exposure to Aedes vexans which may be infectious 
will be greatly reduced. If we could apply the data collected by this Sur- 
vey, it seems apparent that one-half of the exposures to Aedes vexans would 
be eliminated simply by keeping away from woods, These facts seem to apply 
to Aedes triseriatus and Anopheles quadrimaculatus, the principal vector 

of malaria; however, the number of collections in both these instances is 
smaller and statistically this conclusion is less certain. Aedes atropalpus 
and Aedes taeniorhynchus were captured in too small a number to pormit any 


significant inference. 


In Table XXV the association is made of vectors to various types 
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of trees. Here again it must be remembered that the data is based on col- 
lections from regular collection points, and that the trees described were 
the predominating type in the collection point area one hundred yards in 

radius. Hardwoods are much more numerous in Massachusetts than any other 
type of tree, In estimating the significance of any association, the total 
collections must,therefore,be used as a base.There appears to be no other 
association than a chance distribution in all instances except on that of 
Aedes vexans and mixed trees where more adults were captured than might be 


TABLE XXV 


ASSOCIATION OF VECTOR ADULTS WITH DIFFERENT TYPES OF TREES 


Number. of Collections 


AED ANOPEELES TOTALS 
2 
Fe & 
‘ 2 ie {8 3 
A, hs re) a 3 3 
qrile g Gi te tel 18 43 
ets i a? ec lie idl lee Te 
ie a i Las Db 
ey oO a ~p ~p > ot ~ 
ivergreen - 6 - - 1 - 
Hardwood 2 151 254 14 12 28 25 486 
Willow - 4 7 - - 9 - 13 
Fallen Trees ~ ~ ~ - ~ - 2 2 
Burned Trees ~ - ~ - ~ = - - 
Evergreen & 
Hardwood 1 85 108 - ll 88 10 303 
Fallen Trees & Ev- ae 
ergreen or Hardwood = oe 64 40 12 13 9 170 
TOTAL 3 219 449 54 55 3 4.6 99 
Percent of Collections 
Evergreen “ 20D 50D - ~ 08 - 204 
Hardwood 66.46 54.1 5665 259 S442 21.2 54,3 48.7 
Willow ; - 1.4 15 ~ - isd - 16S 
Fallen Trees ~ ~ ~ - - - 4.3 02 
Burned Trees - ~ ~ ~ - - ” ~ 
Evergreen & 
Hardwood 35.60 50 o4 24.1 ~ 51.4 66y6 2147 30 4 


Fallen Trees & Ev- 
ergreen or Hardwood - 11.4 14.2 . 74,1 .. 34 
TOTAL 99.9 99.8 99.8 100.0 99 


sey: 9.8 219.5 1%, 1 

0S OURS FEB 2007.1 
expected by chance. This may indicate that in general there is no associa- 
tion between any type of trees and any of the vectors, The unexpectedly 
large number of adults of Aedes vexans captured in mixed woods is difficult 
to explain as specimens were captured in smaller numbers among hardwood and 
also evergreen trees.The numbers, however, are too small to be conclusive, 
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CHAPTER XITI 


VECTORS OF FQUINE ENCECHALOMYELITIS 


virus. These are all Aedes mosquitoes, Their numerical ees in 
relation to other species, both vectors and nonevectors, is discussed in 
this chapter, The geographical and seasonal distribution, the life habits 
and public health importance of such species is discussed in Chapter XV, 


TAELE XXVI 


NUMERICAL IMPORTANCE OF 
F E ENCHEP ‘TA LOMY3 AYELITIS 


ELQU 


VECTORS | 


~ BY SPECIMENS 
Numerical 
LARVAE ADULT Speci- Importance 
SPECIES Number = % ~Number ——*% ~__mens in % 
Aedes atropalpus 993 94,3 60. Sel 1,053 7.8 
A. cantator "2,704 67.0 1,329 5560 4,033 o9el 
A. sollicitans 1,054 29,3 2,548 70.7 3,602 26.6 
A. taeniorhynchus 112 84,8 20 16,2 132 1,0 
A. triseriatus 92 29e7 228 Tied 320 2 et 
A, vexans S560" 76,0" 15052°° “24.6 4,410 3205 
TOTAL Bese |. Clad... cacet © Beet 13,550 160.0 


In Table XXVI the vectors are evaluated on the basis of the num- 
ber of specimens collected. A. vexans is the most numerous, A. cantator 
and A, sollicitans are second and third respectively, 1n numerical impor- 
tance. The other three vectors are far below these in numbers. The per- 
cent of adult specimens was highest in A. sollicitans and in A. triscria- 
tus; the latter, however, was caught in much smaller nunbers, 


TABLE XXVII 
NUMERICAL IMPORTANCE OF 
VECTORS OF EQUINE ENC MYELITIS 


0 4 I hid 


Total Numerical 
ADULT Collece Importance 


SPECIES on — Number % tions . in % 


Aedes atropalpus TT GBeo 41° 34a7 118 3.6 


A. cantator 399 40.0 600 60,0 999 30 6 
A. sollicitans 145 15,3 802 84,7 947 2920 
A, taeniorhynchus 17 48.5 1S © $1405 3m 1.1 
A. triseriatus 33 = 1763 158 82,7 191 509 
A, vexans 519 = 5343 454 46,7 973 29.8 


TOTAL Tite 0638. OTs. Se CSS T00.0 
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When the numerical importance of the vectors is evaluated on 
the number of collections, there is a slight but unimportant rearrangement 
in this series. In Table XXVII this evaluation is made, A. cantator was 


TABLE XXVIII 


NUMBER OF SPECIMENS PER COLLECTION 
VECTORS OF EQUINE ENCEPHALOMYELITIS 


SPECIES LARVAE ADULTS 
Aedes atropalpus 12.9 1.5 
A. cantator 6.8 ee 
A. sollicitans Ted See 
A, taeniorhynchus 6.6 1.1 
A, triseriatus ap ay 1.4 
A. vexans 6.5 Zed 

All vectors ae Ded 


collected most often; A. vexans and A. sollicitans were second and third 
in this series. However, there is no statistical significant difference 
in either evaluation of the importance of these species, and it may be 
concluded that these vectors were collected with about the same frequency 
and are, probably, of about the same numerical importance. In this evelu- 
ation, the percent of adult collections is much higher. Whereas only 


TABLE XXIX 


VECTORS OF EQUINE ENCEPHALOMYELITIS 
PERCENT OF COLLECTIONS OF LARVAE WHICH WERE VECTORS 


Aedes 
~ n ! 9 4 Percent of 
County 5 ‘ 8 2 - ‘4 collections 
od ) 4 ui “A a ® which were 
3 7) ) fs) be 2) hi A, 
Qu 3 rf pi © | 2 ® vectors 
£8 Bo somdenn owe: 8. g 
@ 3) n po p b> > a) 
Barnstable O 184 48 e) 0 167 399 2870 1309 
Berkshire ) ¢) Q re) 2 59 61 4507 1.4 
Bristol ) 39 2 ¢) 2 21 64 1931 Seo 
Dukes and 
Nantucket 0 Lie 70 2 5 ) 30 229 1563 14,7 
Essex 3 + 3 @) ) 11 28 3711 0/5 
Franklin 29 ¢) @) 0 Ps 24 §5 2507 Zee 
Hampden 35 0 e) 0) 7 40 82 3193 206 
Hampshire 10 @) @) @) 1 39 50 1543 See 
Middlesex 0) 12 4 e) 1 17 54 6278 i) 
Norfolk ) 6 3 @) 9 7 25 2514 1.0 
Plymouth @) 28 14 0 3 60 105 4043 206 
Suffolk 6) 7 + @) @) 2 10 388 206 
Worcester fe) @) @) 0) 6 42 48 5935 08 
at. 7a. ae 17 335 519 1190 40983 249 


85 


| mel ee See ee 
L; ok a + A  ¢ _< . Bee stim tad aateannail 
‘J A t PW ir es yy Vv’) 
’ A A A TV j = T 
} Vv WT Vena Vu 
: , 7; Av ed r sf ol : 
Tee 7 vty N | geet a a” 
T i Cy se Vv . ‘ 
ee Vv j TAY T T : T ¥ : 
"v i eS ot Wig & v as 
/ c + vy 4% PEAts. bv 
ome ye Mi \ 7s ag “ ay 
Se eet y T Yue Bae - “= 
i A fy At } 2" fteyvy! 
f y aX j } Vie ov f eae 
j Vv Vv } .r 4 € “e - 4 
~ , ON <0 I et T Vv Vev Vv ‘ Vv $ 
Vv age Tei / v Y- oI T V itr yf | % eee ae 
' a A 2" " 
oe Ee ut v ee Vv x P 
} ‘ t ( v # T T v yt ed 
{ y * Vv ; A x 
~ rye te ¢ - + Vv v Vv vv {| Vv 
—- L Conse pa PSS Se —~ A NV itm : 
: KX 
I : 
MAP J | 
MASSACHUSETTS 8. 
DEPT OF PUBLIC HEALTH \ 


DISTRIBUTION OF PROVED EXPERIMENTAL 
VECTORS OF EQUINE ENCEPHALCMYELITIS 


EAS EGRN? 1b YYR 


SALT MARSH LEGENO FRESH WATER 


S AEDES SOLUTITANS V AEDES VEXANS 
C AEDES CANTATOR T AEDES TRISERIATUS 


— 


N AEDES TAENIORHYNCHUS A AEDES ATROPALPUS 
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38.7% of the specimens were adults, 63.5% of the collections were adults. 
This difference indicates that the average number of specimens per collec- 
tion was greater for larvae than for adults, In Table XIX the average 
number of specimens of larvae and adults of each species is listed. The 
average of the larvae per collection was seven which is almost three 

times the average of the adults, There is no significant statistical 
difference in the number of specimens per collection, either among the 
adults or the larvae. The large number of larvae of A. atropalpus, however, 
suggests that large broods were found in one place, Adults o e three 
more numerous vectors, A. sollicitans, A. vexans and A. cantator, were cap= 
tured in slightly larger collections than the other vectors. This differ- 
ence is probably due to the fact that there were more specimens of these 
species. 


The number of vectors collected varied from one section of the 
state to another, Collections of larvac are tabulated by counties in 
Table XXX, A, atropalpus larvae were collected in four counties, three 
in the Connecticut Rivor Valley and one in the northeastern part of the 
state. A. cantator and A. sollicitans larvae were collected only in the 
counties along the coast and A, teeniorhynchus only in Dukes County. © 
A, trisoriatus was collected in small numbers in most of the counties. 
ii, Veoxong was the most numerous species ond was collected in all counties. 
Of the larvae collected in Dukes, Nantucket and Barnstable Counties, 81% 
were vectorse Equine encephalomyelitis, however, has not been reported 
from this area. In the remainder of the counties, there was no statisti- 
cal difference in the percent of larvae which were vectors, 


TABLE XXX 


VECTORS OF EQUINE ENCEPHALOMYELITIS 
PERCENT OF COLLECTIONS OF ADULTS WHICH WERE VECTORS 


oO 
oO 
n” 


re “3 o Percent of 
Coun as & ~ on © 8 collections 
a we ea an |S w a a, which were 
ae os “19 © =| 3 bs tors 
ae 4 ae ~ vecto 
eg rs gah 3 a & 
3 Q. R Pe £P p Pp x. 
Barnstable 6 166 196 , Ss 126 497 1395 3506 
Berkshire 0) @) 0 > is 12 24 47F 05 
Bristol 0) 14 i 0 2 55 58 206 28 2 
Dukes and 
Nantucket 0 168 290 i ere Sl 509 625 81.4 
Essex => see 206 O 14 Sl 382 989 38.7 
Franklin 26 0 0 0 33 21 80 424 18.9 
Hampden 4 e) 0 Oo ls oo 40 «213 18.8 
Hampshire 1 0 0 . 6 16 85 18.8 
Middlesex 1 4 16 . = 27 56): 1Lek7 4.6 
Norfolk 6) 14 350 0 13 26 83 464 17.9 
Plymouth 100 46 l1 #€ 60 211 . 623 25 02 
Suffolk @) 7 LO o 8 St 158 19.6 
Worcester 1 a) 1 O 36 48 86 1024 8% 
4I $699 802 T8159 464 2073 8100 2000 


a ae 
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The percent of adult collections which were vectors varied from 
county to county. Table XXXI summarizes this data, A. atropalpus adults 
were collected in small numbers in the Connecticut River Valley and in 
northeastern Massachusetts, and on Cape Cod. A. cantator and A. solliici- 
tans adults were collected in the coastal regions and, occasionally, 
further inland. A. triseriatus and A. vexans adults were captured in all 
counties, the latter being found in far greater numbers. In Dukes and 
Nantucket Counties 81% of the adult collections were vectors. This figure 
is much higher than elsewhere in the state. In Essex and Barnstable 
Counties, the vectors represented 39% and 36% respectively. Bristol 
County vectors made up 28% of the adult collections. Vectors comprised 
18% to 19% in Franklin, Hampden, Hampshire, Norfolk and Suffolk Counties. 
In Berkshire, Middlesex and Worcester Counties, vectors comprised 0.5%, 
4.6% and 8.4% respectively, a statistical significant difference. 


Collections of adult vectors comprised 25.6% of the total adult 
collections in the Survey. . Adult specimens of voctors were 22.1% of the 
total. This indicates that collections of adult vectors were composed of 
a smaller number of specimons than those of other spocies. Consequently, 
when the relative density of adult vectors is determined on the basis of 
specimens collectod, the percent of vectors bocomes smaller. Vectors com- 
prised 76% of the adult specimens from Dukes and Nantucket Counties, again 
the highest figure for the state. Essox, Barnstable and Norfolk vectors 


TABLE XXXI 


VECTORS OF EQUINE ENCEPHALOMYELITIS 
PERCENT OF ADULT SPECIMENS WHICH WERE VECTORS 


Acdes 
n nan a 
4 5 B he Percent of 
ADULT be: te = ge ag * a collections 
SPECIMENS ‘. + & aa 8 3 = a which were 
5 5 = 5 eng fe + Aa vectors 
3 8 a eu S 5 a 
Barnstable 12 439 © 0 3 694 6089 T¢ 
Berkshire 0 0 0 0 39 1§ 54 1395 309 
Bristol 0 335 8 0 2 54 97 638 lh et 
Dukes and 
Nantucket 0 367 730 19 3 61 1180 1549 7602 
Bssex 2 206 648 0 15 48 919 3016 50 65 
Franklin 35 6) 0 0 40 35 110 616 17.9 
Hampden 5 0) ) Oo, 19 47 71 407 17.4 
Hampshire 4 ro) 0 Op °9 uP ao eS 9.6 
Middlesex 1 6 82 0 9 95 193 3272 5eF 
Norfolk 0 66°: 136 O }: 2 46 289 1339 21.6 
Plymouth 6) 175 86 1 4 1354 400 2476 1642 
Suffolk 0 14 34 6) 10 9 67 583 11.5 
Worcester 2 0 1 e) 50 88 140 2130 6.6 
60. 1326 2548 20 228 I052 5234 23710 bi 
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ranged from 30% to 21%. Bristol, Franklin, Hanpden, Plymouth and Suffolk 
Counties ranged from 20% to 11%, In Berkshire, Hampshire, Middlesex and 
Worcester Counties, vectors comprised less than 10% of the adult specimens, 


Biting Habits Table XX listed the adult mosquitoes captured on man, The 
vectors were represented as follows: 


PERCENT NUMBER 
Aedes sollicitans Slee 738 
A. cantator 15.7 $11 
A. vexans 6.0 120 
A, taeniorhynchus 0.7 12 
A, triseriatus O02 3 
A, atropalpus 0.0 


| 9) 
59.9% 1184 


Table XXI lists the adult mosquitoes caught in houses. Here the vectors 
were represented as follows: 


PER CENT NUMBER 

Aedes cantator iw o€ 
A. sollicitans 1.8 ‘56 
A. vexans 1.4 44 
A. triseriatus 0.6 19 
A, atropalpus 04 12 
A, taeniorhynchus 00 ) 

60% Te7 


Of the 1977 adults captured on man, 1184 or 59.9% were voctors. Of the 

3130 adults caught in houses only 187 or 6.0% were vectors, It had already 
been pointed out that the vast majority of the mosquitoes captured on man 
were collected outdoors, Therefore, it is at once epparent that the chances 
of a vector biting man are about ten times as great outdoors as indoorse 
This information is important in protecting animals and man from unnecessary 
exposure to vectors during outbreaks of the disease, Measures should be di- 
rected toward the removal of horses and mules from pastures and into screened 
stables. Children and infants, as well as adults, should be kept behind 
screens as much as possible and not permitted to remain unprotected when 
outdoors where mosquitoes are prevalent. 


Unfortunately, the collections of mosquitoes on animals were so 
small that they.are of no value, The two hundred eleven specimens which 
were captured in barns and stables may be an indication of the attraction 
of the vectors to horses and cattle. Thcre were 33 vectors captured in 
barns; these were A. voxans 18, A. cantator 14, A. sollicitans 1, forming 
8.5%, 6.6%, 0.5% of oll mosquitocs captured in theso buildings. These ~ 
numbers are too small to be conclusive. If the situation is analogous to 
man, then we may cssume thet whereas only 15.5% of tho mosquitocs captured 
in barns and stables were vectors, the vectors compriso a much largor per-= 
cont of the mosquitoes which bite animals outdoors. 


Distribution by VWiatersheds The distribution of vectors according to water- 
Sheds has been dotermined by punch card analysis, The watersheds are noted 
on Map IIJ. Towns had to be considered as units and were placcd into that 

watershed into which most of the towm drained, This distribution is listed 
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TABLE XXXII 


- VECTORS OF EQUINE ENCEPHALOMYELITIS 
DISTRIBUTION OF DRAINAGE AREAS 
NUMBER OF COLLECTIONS * 


Aedes 
n 12) 
DRAINAGE 3 | B All 
3 i = hy sal Vectors 
@ +e Oo I 4 a 
Ry 3 oe ‘dH O © & 
e) - ca g ss n 
5 - 's oie 5 
oS oO na + fy 4 > 
Salt Water 
Cape Cod 6 297 264 ) 5 294 866 
Cent Coastal 9 46 70 0 8 19 152. 
Fast Coastal 0 ot. 6S 0 1 31 72 
Ipswich 12 121 245 Oo» 1a a 434. 
Islands @) 267 Sov o7 3 68 742 
So.eCoastal @) 147 43 1 5 110 0 
27 699 1008 38 36 564 2572 
Boston Harbor fe) fe) fe) @) 28 bx 72 
Merrimac 0 0 0 @) 19 69 88 
Rhode Island. 
West ef @) @) @) yg 56 74 
East 0) 12 9 @) 5 44 70 
Total 1 12 9 0 22 100 144 
Connecticut 117 fe) @) @) 77 335 529 
Berkshire @) 0 @) 0 14 86 100 
Grand Total 145 911 1017 30 196 1198 9505 


* Interpolated from punch card analysis. 


in Table XXXII. The highest numbers of vectors were collected in the 
"Islands" and "Cape Cod" watersheds. Because three of the vectors are 
salt marsh mosquitoes, it is, only natural that the coastal salt water 
areas, as a whole, have more vectors than other watersheds. The "Berke~ 
shire" and "Merrimac" watersheds have a low percent of vectors, although 


mosquitoes are not significantly less prevalent. 
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CHARTER XIV 


VECTORS OF MALARIA 


PO AS ALE ATS 


Numerical Importance All of the Ancpheles of Messachusetts may act as 
vectors of maleria. However, A. quadrinaculatus is the only important 
one. A. maculipemis may transmit the plasmodia with greater effective- 
ness than A. ° punctivennis, but the latter is much more numerous and 
hence may play a greater role. A, crucians and A. walkeri are rare and 
hence are of no importance. The collection data on these vectors is 
summarized in Table XXXIII. The Ancpheles comprised 19.3% of the total 


TABLE XXXIII 


VECTORS OF MALARIA 


DISTRIBUTION OF SPECIES AND COUNTIES 


a Lo hes 
Barnstable. .5 0 0 7 abi 
Berkshire 0 ll 46 8 72 906 
Bristol 1 2 l2 2 25 400 
Dukes and 
Nantucket 0 ¢) 5 6) 0 0) 5 
Essex 1 1 TS? 292 60 619 12 6 89 919 
Franklin 4 16 544 2 eo 0 1 18 577 
Hampden 5 21 15438 4 189 9) 4 25 154) 
Hampshire 2 5 146 5 9 ] 8 158 
Middlesex 4. 22 448 14 178 o a6: 652 
Norfolk 2 2 29 cm isi 2 2 24 250 
Plymouth 1 5 §, 392 14 24) 4 20 640 
Suffolk 2 3 1 2 3 § 
Worcester el 50 1341 18 116 7 4. 77 1482 


TOTAL ; 68 192 5757 1821729 28 61 407 7989 


collections; 22.1% of the larvae and 9.4% of the adults. The largest 
numbers of collections of Anopheles, 1541 and 1482, were made, respectively, 
in Hempden and Worcester. Since Worcester is mich larger than Hampden, 

the Anopheles were more prevalent in the latter county. Very few collec- 
tions were made in Dukes, Nantucket, and Suffolk Countics. The small 

number found in Suffolk County is easily explained beceuse this county 
comprises the City of Boston and several other densely populated conmmuni- 
ties whore mosquitoes are less likely to breed. Dukes and Nantuckot 
Counties, on the other hend, are quite rural and why Anopheles were collect- 
ed in such small numbers has not been explained. 
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Biting Habits Anopheles were rarely captured on man outdoors. There 
were only e punctipennis and 2 A, quadrimaculatus among a total of 

1977 mosquitoes captured on mah. It seems that these species are not 
serious offenders in the opens ~ ar ay mosquitoes captured in houses, 

A. gquadrimaculatus comprised 13.0%, A. punctipennis 1.5%, A. maculipennis 
oo and A. walkeri 0.7%, a total of 16.1%. Amopheles apparently prefer 
to bite man indoors. This observation may be contrasted with the Aédes 
vectors of equine encephalomyelitis where the situation is reversed, Of 

a total of 211 mosquitoes captured in barns and stables, 7 specimens (3.3%) 


TABLE XXXIV 
VECTORS OF MALARIA 


DISTRIBUTION IN DRAINAGE AREAS 
—<——BY COLLECTIONS= 


i'7) n 
ond ert 
5 fi “ 
n ) ra) 3 
Watershed | = hey b |. . Total 
a oper a p hi rH © — 
3) x oO aos Aq 
7 a ag + 
°o = Qy ot 5 g 
Salt Water . 
Cape Cod 5 1 46 5 1 5S 
Central Coast 0 1 79 145 @) 226 
East Coast 1 1 146 452 ) 300 
Ipswich 1 2 331 535 30 899 
Islands ; 5 @) @) 6 
South Coast 1 196 132 1 330 
TOTAL 003 970 3 2019 
Boston Harbor o, 5 293 202 6 505 
Merrimac 9) 7 803 232 g 1051 
Rhode Island 
es 0 3 427 53 5 48B 
East (@) 8 354 202 14 578: 
@) ll 7 55 9 1066 
Connecticut 0 28 2732 303 13 3076 
Berkshire 0 "4 704 81 9 801 
GRAND TOTAL 7 65 6316 2043 88 8519 


* Interpolated from punch card analysis. 


were Anopheles. Collections of mosquitoes on animals were not attempted, 
It is, therefore, impossible to say that Anopheles are not attracted to 
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animals, but the larger proportion of specimens captured in houses in- 
dicate that Anopheles prefer to bite man, The detailed analysis of each 
species of Anopheles is included in Chapter XV. 


Distribution by Drainage Areas The most noteworthy observation in this 
distribution is the fact that Anophcles are more numerous along large 
rivers. The main Connecticut River Valley is the best illustration of 
this distribution. Collections were most numerous in towns adjacent to 
the river, ond loast numcrous in towns furthest from it. This peculiar 
distribution is duoc to the brceding habits of this genus since it pre- 
fers tho rivers ond streams to all other places. (Sco Table X, page 66) 
The distribution of Anopheles by drainage arcas is summarized in Table 
XXXIV. ! 
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CHAPTER XV 
MOSQUITOES OF MASSACHUSETTS 


Genera The orécer of Diptera is subdivided into a number of families; 
the particular family of flies to which all mosquitoes belong is termed 
Culicidae, This family is composed of two subfamilies, the Culicinae 
and the Chaoborinae, The members of the first subfamily are readily 
distinguished froi the other by the presence in the female of a cone 
spicuous proboscis adapted for bloodsucking. The Culicinae, or biting 
mosquitoes, are divided into two tribes, the Anophelini and the Culicini. 
The tribes,in turn, are divided into genera, and gmera into species, 
The tribe, Anophelini, contains only one genus, the Anopheles, All the 
other genera = biting mosquitoes belong to the tribe, Culicini, The 
name of a mosquito, as it is genorally used, consists of the name of the 
genus and that of the specios, 


TABLE XXXV 


RELATIVE IMPORTANCE OF TH 
GENERA OF MASSACHUSETTS MOSQUITOES 


PERCENT OF ADULTS AND LARVAE 
ae ee ee eee 


SPECIMENS 
Total Relative 
Genus Larvae Adults Speci= Importance 


lumber % Number % mens — by % 


Aedes ’ > 8, ° 

Anopheles 31,690 96.2 1,250 58 32,940 11.8 
Culex 208,099 86.5 7,546 505. 215,645 77 «4% 
Mansonia 662 951° 63663"; 90.9 7,527 2.6 
Psorophora 5 0546 4 44,4 9 0.0 
Theobaldia 2,022 96.0 85 4,0 2,107 0.8 
Uranotaenia 2,018 99.2 19 0.8 PAPE TON f 0.8 
Wyeomyia 16 64.0 9 3620 25 0.0 
Orthopodomyia 3 10.0 e) 0.0 3 0.0 


254,709 91.45 23,797 8.55 270,558 99.9 


There are nine genera of Culicinae in Massachusetts. The genus 
Anopheles represents the tribe, Anophelini, The genera Aedes, Culex, 
Mansonia, Psorophora, Theobaldia, Uranotaenia and Wyeomyia belong to the 
tribe, Culicini. The relative numerical importance of these genera as 
determined by the Survey is determined by two methods. Table XXXV lists 
the gonora and the relative numerical percent of the total mosquito fauna 
in Massachusetts, This percent distribution is calculated on the basis 
of the specimens collected. In this evaluation the genus Culex represents 
77 4% ~~ mosquitoes, the genus Anopheles 11.8% and the genus Acdes 
only 64.5%. 


The genera are broken down further into the number of larvae 
and adults collected, and the proportion of each to the total of the 
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genus is expressed as a percent. Among the specimens of Anopheles and 
Culex, larvae represented the vast majority. Among Aedes, however, a- 
dult specimens comprised almost a half of the total. The other genera 
were collected in much smaller numbers, Mansonia larvae, because of 
their peculicr adaptation in attaching themselves to plants, were cole 
lected very infrequently. 


When the relative numerical importance of the genera is deter= 
mined on the basis of the number of collections, another set of figures 
is obtained. Culex form 65.4%, Anopheles 19.3%, and Aedes 10.8% of the 
total collections. Although the percéat of each is changed, the genera 
remain in the same order of numerical importance. These evaluations are 
made in Table XXXVI And charted in Figure XII. 

TABLE XXXVI 


RELATIVE IMPORTANCE OF THE 
GENERA OF MASSACHUSETTS MOSQUITOES 


PERCENT OF ADULTS AND LARVAE 


BY 
COLLECTIONS 
Total Relative 
Larvae Adults Speci- Importance 

Number —% Number % mens 4 
Aedes 1,59 of 5,447 68, » 04 10, 
Anopheles 9,087 Base 444 4.7 9,471 19.3 
Culex 29,309 91.5 2,810 8.7 32,119 65.4 
Mansonia 69 5.0 1,520 95.0 1,389 Rey 
Psorophora 9) 5.5 4 45.0 9 0.8 
Theobaldia Sun. -Gial SS 16.5 345 0.6 
Uranotaenia 693 98.3 12 1.7 705 1,3 
Wyeomyia 2 67,0 1 63.0 3 0.0 
Orthopodomyia 1 100 ae 0.0 1 0.0 

40,96e  Ge.c  O,101 Lie® SO,0EEC. >7 NSS 


Due to the fact that the number of specimens per collection 
is lower among adults than among larwae, the adult collections form 
a larger percent of each genus. Aedes adults represent 68.3 percent 
of all Aedes collection. ty et 


The number of specimens per collection of adults and larvae is 
summarized in Table XXXVII, The larvae averaged 6.20 specimens per col- 
lection which is more than twice the 2.94 average for adults. This dif- 
ference in size of collections is due to two factors, The capture of 
' a single adult often constituted . collection, while the larvae usually 
found in larger aggregates, afforded the gathering of 2 larger number 
of specimens in a single collection. 


Seasonal Distribution Aedes mosquito collections were the most numerous 
when the Survey began in July. Thereafter, they continued to decrease 
as the season progressed. Aedes comprised over 50% of all collections 
éarly in July, ond less than 2% late in August. Anopheles were most 
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prevalent between the 3lst and the 42nd week, that is, during August, Sept- 
ember and early October when this genus comprised 20-25% of the collections. 
Culex continued to increase with the progress of the season, beginning with 
an initial 43% in July end ending with 84% in August. The seasonal curves 
are plotted in Figure XIII and the percent of the three genera is given in 
the associated table. 


TABLE 2OOCVIL 


AVSRAGE NUMBER OF SPsCIMBNS 
Pee COLLECTION 


LARVAE ADULTS 
Aedes i 2000 
Anopheles 5edl / 2661 
Culex 9.50 269 
Mansonia 9.59 5 905 
Psorophora 1.0 1.0 
Theobaldia 717 1.55 
Uranotacnia 5054 1.6 
Wyeomyia 8.0 90 
Orthopodomyia 520 0 
All genera 6.20 2694 


Species There are fifty-six specics of mosquitoes in Massachusctts; 
forty-one of these belong to the Culicinae or biting mosquitoes. During 
the Survey, four Culicinae and two Chaoborinae wore collected in Massachu- 
setts for the first time. Three species previously collected in the state 
wero not included in the Survey's findings. The total collections as well 
as the number of specimens of adults and larvae is summarized in Table 
XXXVIII. 


Those species which are of special public hcalth importance have 
been discussed separately in Chapter XIII, Vectors of Equine Encephalomye- 
litis, and Chapter XIV, Vectors of Malaria, Data on cach species of Culi- 
cinae is analyzed in three main categories: 


1. Geographical Distribution 
2 Scasonal Distribution 
Se Public Health Importance 


The first four portions of this analysis are presented in a scries of com-= 
pact tables which give the most complete presentation of the data. The pub- 
lic health importance of cach specics is discussed scparatoly. 


Table XXXIX is the presentation of data on the goographical dis- 
tribution of the Culicinac. The figures indicate the number of collections 
made during the duration of the Survey, Under each species the adults and 
larvae are considered soparately. Dukes and Nantucket Countics are combined; 
these two counties are islands off the south coast of Cape Cod, are small in 
size and have similar charactcristics, 


The seasonal distribution of the species is presented in Table XL 
and XLI. The former is confinded to larvae and consists of two parts. In 
part A, the actual number of collections of larvae is noted. Collections 
from the 27th week (July lst) through the 43rd week (October 3lst) are in- 
cluded as these represent state-wide coverage. The adult collections are 
analyzed similarly in Table XLI. 
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TABLE XXXVIII 


MOSQUITOES OF MASSACHUSETTS 


ADULTS LARVAE 
No. of oc nr ree 3 No. of 
Specimens _ Collections Specimens Collections 
Subfamily Culicinae ! 
Aedes atropalpus 60 41 993 77 
A.aurifer 542 186 0 0 
A.canadensis 770 301 495 122 
A.cantator 1326 599 2704 399 
A.cinereus 471 256 482 121 
A. communis * 0 0 0 0 
A.dorsalis 4 4 79 14 
A.excrucians 485 268 41 15 
A.fitchii 196 95 el 5 
A,hirsuteron ote 4 4 4 
A.implacabilis 29 16 10 3 
A.impiger* 0 0 ¢) fe) 
A.intrudens 295 131 48 8 
A.punctor 6 5 0 0 
A.sollicitans 2048 802 1054 145 
A.stimulans 59 38 8 2 
A. taeniorhynchus 20 18 112 17 
A.trichurus 20 8 2 2 
A.triseriatus 228 159 92 33 
A.trivittatus 6 3 1 1 
A.vexans 1052 454 5358 519 
Anopheles crucians ** 0 0 20 7 
A.maculipennis 50 5 113 58 
A.punctipennis 300 192 20396 5757 
A.quadrimaculatus 790 182 6810 1729 
A.walkeri oF 28 84 31 
Culex apicalis 1746 688 78944 13051 
C.pipiens 3880 1313 103138 11640 
C.salinarius 832 339 2215 922 
C,territans 943 598 25508 S527 
Mansonia perturbans 6665 1320 662 69 
Orthopodomyia signie- 
fera** O 0 3 1 
Psorophora ciliata 4 4 2 2 
P.columbiae** 0 0 3 3 
P.posticata* fe) ¢) 6) 0 
Theobaldia impatiens ** 2 2 0 6) 
T.inornata 6 3 0 0 
T.melanura 70 52 1971 265 
T.morsitans 7 6 S1 17 
Uranotaenia sapphirina 19 12 2518 693 
Wyeomyia smithii 9 1 16 2 
Subfamily Chaoborinae*** 
~ Chaoborus (not routinely 
identified) 41 16 37 20 
C.albatus 
Chaoborus albipes 0 0 5 2 


C americanus 
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TABLE XXXVIII 
(continued) 


MOSQUITOES OF M.OS/CHISEITS 


ADULTS Ca LARVAE 
No. of No. of No. of No. of 


Specimens Collections Specimens Collections 
Subfamily Chaoborinae*** 


Cepunctipennis 
C.trivittatus 
Corethreila brakeleyi** 0 0 14 5 
Dixa (not routinel 

identified 11 6 195 84 
D.contralis 
D.eclavata 
D.cornuta 
D,modesta 
D.notata 
Eucorethra underwoodi** @) 0 3 3 
Mochlonyx (not routinely 

identified) 6) <.™ 24 11 


M.cinctipes 

M.fuliginosus 

M.ekarnerensis 
* Not. collected by Survey 
** Recorded by Survey for the first time in Massachusetts 
*x** Species not routinely identified by Survey 


Detailed analysis of the data collected on larvae was presented in 
Chapter XI, “Mosquito Breeding Places". The adults were similarly treated in 
Chapter XII, "The Collection of Adult Mosquitoes”, One other analysis on 
both larvae and adults is added here because it applies to both stages of the 
mosquito. Table XLII A and Table XLII B summarize the data on the collection 
of larvac and adults, respectively, in relation to the density of population 
within, in one hundred yard radius of the collection point. This data is 
that gathered from collections made at regular collection points. In general, 
it may be concluded that mosquitoes were collected with greater frequency in 
less densely populated areas, This observation is explained by three fac- 
tors: . 


1. Less densely populated areas are more numerous than densely 
populated places. 

2e The more densely populated the areca, the more paving there 
and the breeding of mosquitoes is greatly diminished. 

3e Collectors were more likely to look for collection points 
in rural areas rather than in urban areas as the former are 
more accessible and more productive. 


There is no significant difforence betweon the number of adult 
mosquitoes and larvae that were collected in cach of the different cate- 
gories of population density. 
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SEASONAL DISTRIBUTION BY WEEKS 
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TABLE ZLIT A 


COLLECTION OF LARVAB 


2 ae aa Bee: 


in 


RELATION TO POPULATION DENSITY 


Density of Population in Collection Point Area 


ee Tess 6-25 26-100 Over 100 
Species Houses Than § Houses Houses or Factory _ Stoble_ 
Aedes atropalpus 2 2 1 2 ¢) 4 
A, avrifer — @ fe) e) 0 2) ) 
A, canadensis 6 8 0 : 0 0) 2 
A. cantator 20 25 5 4 @ 7 
A, cinereus 15 18 5 e) e) i) 
A, dorsalis e) 1 0 0 @) ) 
A. excrucians 0. 3 0) ) ) 1 
A, fitchii @) 0 0 0 0 0 
A. hirsuteron : 1 @) ie) 0 0 
A, implacabilis 0 0 0 0 ) fe) 
A. intrudens fi 1 9) 0 ) @) 
A. punctor 0 0 0 0 0 0 
A. sollicitans 8 9 ie 1 1 3 
A, stimulons 0 0 0 0 fo) fo) 
A, taeniorhynchus 1 Ma 0 0 0 fe) 
A. trichurus 0 e) ut Be 0 0 0 
A. triseriatus iL 4 5 @) ¢) 0 
A, trivittatus @) 0 0 0 fe) oO 
A. vexans 44, 67 25 3 3 39 
Anopheles crucians 0) ©) 0 © fe) oe 
A. maculipennis ] id 5 1 1 8 
A..punctipennis 311 526 E71 7 49 201 
A. quacrimaculatus . 142 261 99 6 26 77 
A. walkeri 4 4 ¥) @) 1 5 
Culex apicalis 525 822 292 17 75 255 | 
C. pipiens . 372 630 317 31. 96 229 
C. salinarius 80 116 56 73 19 48 
C,. territans 178 275 134 9 37 150 
Mansonia perturbans 0 Q 0 O 6) fe) 
Psorophora ciliata @) 0 0 re) fe) fe) 
P, columbiac ) 0) re) re) 0 0 
Theobaldia impatiens 0 0 0 0 0 © 
T. inornata 0 0) 0 0) 1 6 | 
T. melanura 29 24 11 1 0 0 | 
T. morsitans 1 1 0 1 12 24 | 
Uranotaenia sapphirina 62 114 40 a fe) 0 
VWyeomyie smithii 0 0 9) 0 0 0 ‘ 
Total T83t a5 «oo ~ 89 Be8 1060 | 
Percent 24 8 39.6 15.7 1.2 4.4 14.55 


TABLE XLII B 
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RELATION TO POPULATION DENSITY 


A RE A NN RS en Camas 


Density of “Popul lation in Collection | Point Ares. 


Wo Less 6=25  2o6=100 Over 100 
Species Houses Than 5 _Houses _louses _ or Factory __ Stable _ 
Aedes atropalpus @) 0 1 @) ) S 
A, aurifer 23 19 7 0 2 6 
A. canadensis 16 40 8 O 2 3 
A. cantator i> BO 58 21 2 7 23 
A. cinereus 34 29 5 1 : 8 
A. dorsalis 2) 9) Gs. 8) 6) 0 
A. excrucians ll 21 2 6) 6) 4 
A. fitchii 5 5 2 ) ‘i 1 
A. hirsuteron 0 ) 0 8) 6) 6) 
fie implacabilis S 3 0 ¢) 0 0 
ii. intrudens 7 Le & x Zz 3 
A. punctor 0 ) ) 0 e) 0 
A. sollicitans 5i 60 21 2 11 26 
A. stimulans 6) 5 0 6) 0) @) 
A. taeniornynchus r- 3 6) 0 ) 5 
A. trichurus @) 0 0 8) 8) ) 
A. triseriatus 10 is 6 l 2 2 
A. trivittatus 0 O @) @) ¢) O 
A, vexans © 35 35 14 ) 3 5 
Anopheles crucians O ©) 0 0 0 0 
Ae macuipennis 1 ) 0 1) 0) 0 
A. punctipennis 13 20 6 1 5 5 
a. quadrimaculatus 7 13 4 9) 9) 7 
A. walkeri 1 S 1 6) ) 2 
Culex apicalis 30 S1 Ya 4 18 22 
C. pipiens 48 96 66 8 29 o4 
C. salinarius 14 30 33 4, 12 10 
C. territens 17 &1 28 1 8 14 
Mansonia perturbans 32 69 18 L 7 17 
Psorophora ciliata 0 0 0 6) 0 0 
P, colunbice ‘0 @) @) 0 0 @) 
Theobaldia impatiens 0 0) 9) e) 0 0) 
T. inornata 0 6) ) 6) l 3 
T. melanura 4, 13 3 6) 0 1 
T. morsitans 0) @) 0) @) 8) 2 
. Uranotaenia scpphirina 1 4, @) ) ¢) O 
| Wyeomyia smithii 0 0 0 O- 0 O 
Total aig 679 302 “26 TIO Oe 
| Percent 25.60 39e] 17.4 1.6 66d 1230 
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This species has been demonstrated to trensmit equine 
encephalomyelitis in the laboratory. Of the six vectors of this disease | 
knowm to exist in Massachusetts, it is about fourth in numerical imporvance, 
comprising 7.77% of the specimens and 3.62% of the collections of vectors, 
Tt was collcocted from three portions of the state, the Connecticut Vellcy, 
Essex County and Cape Cod, The species is probably wider spread as was 
demonstrated by the collection of adults in the city of Webster located ~~ 
near the junction of the Massachusetts, Rhode Island and Connecticut State 
lines, 


Figure «IV 
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The mosquito breeds principally in rivers and streams, 
marshes and swomps, ponds ond lakes, It profers sparscly populated areas. 
The adults, not avid bitors, wore collected in houses and stables.The @¢uits 
are most prevalent during August and September, Howover,duc to the peeuliar 
geographical distribution, and to the small number of A. atropalpus, this 
species could not have played a role in the 1938 outbreak of equine ence phalo- 
myelitis. It is probably not an important netural vector of this disease. 
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Aedes aurifer 


This species has no public health importance as. it is 
not a vector of disease. However, it is one of the species which bites 
man freely. Its distribution was widespread throughout the state. All 
collections consisted of adults and no larvae were found. 


Matheson has had the same experience in Central New York 
where adults are abundant and larvae have not been collected. The adults 
are apt to bite in the open and do not enter buildings as frequently as 
‘many of the other species. The adults are most prevalent early in the sum- 
mer and by August and September are comparatively rare, 


Aedes canadensis 


This mosquito is not a vector of disease, but is important 
as a nuisance. The specics is widely distributed throughout the state. Lar- 
vae were collected in small numbers; mainly in ponds and lakes, running and 
still water, and marshes and swamps in thinly settled regions. Although not 
ubiquitous, the larvae are found in many different types of breeding places. 
The adult bites man in the open, but does enter houses at times. The spe- 
cies is most numerous in the early summer; by July it is decreasing in num- 
ber and in August and September becomes rare, 


Aedes cantator 


As a vector of equine encephalomyelitis, this species is 
of great public health importance, It is a fierce biter and may havo played 
a role in the 1938 outbreak of this disease. Numerically, it is in first 
place among the vectors of equine encephalomyelitis in number of collections, 
and in second place in number of specimens. It is a salt marsh mosquito and 
limited, in geographical distribution, to the coast and adjacent regions, 
Usually, the adults were within 10 miles of the nearest salt water; rarely 
were they found 15 miles from their breeding places. The larvae were col- 
lected in largest numbers from coastal marshes and swamps, and streams and 
rivers. Dumps, cranberry bogs and barrels were the most frequent man-made 
breeding places, The adults bite man principally in the open but enter 
houses as well, although in much smaller numbers than other mosquitoes. 

They have been collected in houses, barns and stables, and in the vicinity 
of horses and birds which are known to be susceptible to equine encephalo-= 
myclitis, The species was most numerous in September and October, when 
these adults represented 15% of the total adult collections. 


This mosquito is one of the three most important netural 
vectors of equine cncophalomvolitis, Its seasonal distribution coincides 
with that of the disease, Although the geographical distribution is not 
entircoly the same, the mosquito was collected from the area where the oute 
break occurred, namely, in Bristol and Plymouth Counties. Collections in 
Bristol County were, on tho whole, poor; this was due in part to the dif- 
ficulty in obtaining qualified crewmen for this district. It is entirely 
possible that the spread of the disease may have been duc, in part, to its 
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dissemination by this species which may have been carried by the prevailing 
west wind into more inland portions. 


Figure XV 
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Aedes cinereus 


is a fierce biter. 


This Aedes mosquito is not a vector of disease but it 
It is distributed throughout the state, but largest 
collections were made in the eastern portion. 

thickly settled areas. 


The larvae were found most 
frequently in marshes and swamps and in running and still water, in less 
Although the adults bite man in the open, the 
mosquito has been collected in houses, barns and - stables. Some adults 
were collected from a horse, and still othors were caught in the vicine 
ity of cattle, horses and mules. The adults were cought in largest 
numbers carly in the soason and gradually deercased throughout the sum-= 
mer and autumn. Larvae were collected as late 


as Septomber 
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although not to a great extent. This species may be a nuisance early in the 
spring, but is of no importance as a vector, 


Aedes communis 


This species was reported by Johnson in 1925 as found in 
Massachusetts. However, it was not collected during the Survey. Matheson 
states that the adults appear early in spring and persist until late in the 
season. He collected the larvae from spring pools, swamps and marshes.This 
species is probably very unimportant, as it was not picked up in the 49,000 
collections made during the Survey, 


Aedes dorsalis 


This species is one of the rarer Aedes mosquitoes, It is 
not en important biter and is not known to transmit disease. Scattered col- 
lections were made in Franklin County in the west, and along the coastal re- 
gion in the east. Insufficient collections of larvae were made to ascertain 
the typical breeding places of this specics and the adults were collected 
even less frequently. One collection of this species was made on man, The 
species is apparently most abundant early in spring, becomes rare in July and 
romains so for the rest of the season, 


Aedes excrucians 


This mosquito is of littlco importance as a biter. It was 
found to be state-wide in distribution. The laryae were collected in small 
numbers; two collections were made in cranberry bogs and one in oa dump. The 
adults bite man and were collected in houses, barns and stables, The adults 
appeared carly if spring and were rare by Septomber. In spring this species 
may be a nuisance outdoors in certain districts. 


Aedes fitchii 


Little concern is expressed over this mosquito as it is 
not a fierce biter and plays no role in the spread of discase. This spe- 
cies wa collected in scattered areas throughout the state. Adults, which 
were collected on man and in houses and barns, were found only during the 
early part of the season. Larvac were found in very small numbers. The 
species is definitely a spring and early summer mosquito, 


Aedes hirsuteron 


This species is quite rare in Massachusetts. Small col- 
lections were made along the coastal regions. Aedes hirsuteron is of no 
public health importance as it seldom bites man and is small in number,The 
seasonal prevalence of this species cannot be determined from the collec- 
tions made during the Survey. 
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Aedes impiger 


_ This species was not collected by the Survey. Johnson 
reported it from Massachusetts in 1925, It is rare and little is knom 
about its habits. It is, therefore, an unimportant mosquito, 


Aedes implacabilis 


This is another rare species of Aedes, The adults were 
collected during July and August and the lervae were found in small num-= 
bers throughout the season. It is an early mosquito with a spring and eer- 
ly summer predominance. The mosquito is unimportant as it is a rare species, 
is not a fierce biter, and is not known to transmit disease, 


Aedes intrudens 


Since this species bites man in the open it may be im- 
portant as a nuisance. It was distributed throughout the state. Larvae 
were collected in small numbers from cranberry bogs, cesspools, overflows 
and dumps. The adults were captured on magn ond in houses. The mosquito 
was most numerous in the early summer and became rare in August and Sep-= 
tember, 


Acdes punctor 


Acdes punctor is a rare species of which only adults were 
collected. These collections were made in Plymouth and Barnstable Counties, 
One collection of adults was made in a house. It is an unimportant mosquito. 


Aedes sollicitans 


This salt marsh mosquito, a fierce biter, is onc of the 
important equine enecphalomyclitis vectors. Geographically, it is limited 
to the vicinity of sélt or brakish wnter, The edults were rerely collected 
more then fifteen miles from the nearest salt water. Larvae were collected 
in largest numbers from marshes and swamps. Of all species, Aedes sollici- 
tans was captured most frequently on man. It was collected in houses with 
the same frequency os Aedes cantator, but less frequently in barns and sta- 
bles. Collections of adults were made in the vicinity of horses, mules, cat- 
tle and birds which are susceptible to equine encephalomyelitis,. 

moat 

This species was net numerous in August and September.This 
seasonal prevalence coincides with that of the disease. As in the case of 
Aedes cantator, the geographical limitation of this mosquito was not the same 
as that of the discase in 1938, However, mosquitocs were much more prevalent 
during the outbreak, and wind-borne adults may have been carried inland by 
the prevailing southwest winds. These specics, Aedes cantator and Acdes vex- 
ans are probably the most likely natural vectors of equine encephalomyelitis,. 
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Aedes stimulans 


This mosquito is not known to transmit disease; it is not 
a fierce biter and is numerically unimportant. Larvae were collected in 
scattered areas througiout the state, Adults were captured on man in two 
instances, a collection was made in a stable and in a house. This species 
predominates in the spring and by August -is quite rare. 


Aedes taeniorhynchus 


. This southern salt marsh mosquito is a vector of equine 
encephalomyelitis, It is a fierce biter but occurs in such small numbers 
and is so limited in geographical distribution that it is not of any great 
public health importance, Its collcction was limited to the island of | . 
Martha's Vineyard and to the Buzzard's Bay rogion of southern Ilassachusetts. 
Larvae were found in marshes and swamps, Since most of the adults were 


120 


captured on man, this species probably does not frequent houses, The adults 
were captured in August and Septemoer and. it is dina that. the species 
is most numerous at this time. 


It is very unlikely that Aedes taeniorhynchus played a role 


in the 1938 outbreak of equine encephalomyelitis, unless its distribution 
extended further northward in 1939 than it did in 1938, 


Figure XVII 
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Aedes. trichurus 

This is a rare species which is unimportant as a nuisance 
and as a public heaith menace.. This mosquito was collected so infrequently 
that no conclusions concerning its life habits can be made. It is probably 
on early mosquito with a spring predominance, 


Aedes triscriatus 
— A ET TT 


Laboratory oxnerimonts hove demoustrated that this spocies 
can trensmit cquine oncephalomyclitis. It was found to be state-wide in 
distribution put was less muacrous than Acdos vexans which is another vector 
of this discaso.. Tho lcrvec were collected from barrels, wells, dumps and’ 
water troughs. Adults were captured in houses more frequently than on mane 
Collections were made as frequently in thickly sotticd areas as in rural’ 
sections. Tho spccics was most numerous in August and the first three week 
of September but decreased rapidly during the last week of September, 
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fedes trivittatus 


This is a rare species of very little importance; Aedes 
trivittatus larvae were collected in two towns and adults in three. Since 


Lee 
Aedes vexans 


This species, a demonstrated vector of equine encephalo~ 
myelitis, is state-\ide in distribution and one of the most numerous of the 
vectors, The larvae are ubiquitous in their breeding habits; collections were 
made from marshes, swomps, ponds, lakes, streams, rivers, cranberry bogs, 
puddles; dumps, barrels, a water trough, a well ond © rocky crevice. The 
adults cre fierce biters and were frequently collected on man, in stables, 
barns and in houses. Although more collections were made in rural areas, ur- 
ben communities were not without this mosquito, This species was collected 
more frequently in barns and stables than any other Aedes, It was also cap-= 
tured in the vicinity of horses, mules, cattle, and mony kinds of birds. Acdes 
vexens was most prevalent in August and September, It was present in large ry 
numbers in July, and, probably would have been present in larger numbers were 
it not for the drought in July and June. 
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It is conceivable that this species was involve in the 
1938 outbreak of equine encephalomyelitis. It is the only numerous vector 
thet. was found in all areas where the disease occurred. In fact, its dis- 
tribution was far more extensive than the area involved in the outbreak, 
It was the most numerous of the vectors if the nuaber of specimens is cone 
Sidered, and second most numcrous on tho basis of collections, I+ is not 
unl: tkely that Acdes vexans may prove to be the most important natural vece 


—ee ee 


tor of equine encephalomyelitis. 


Anopheles crucians 

This species was collected for the first time in Massa-~ 
chusetts, The larvae alone were found in four towns. Ne adults were col- 
lected. In some parts of the south, A. 4. crucians may act as a vector of 
malaria. However, it is so rare a species in Massachusetts that it is un- 
important as a vector and as a nuisance. No conclusions on the breeding 
habits can be drawn from the few collections obtained. 


Anopheles maculipennis 


This Anopheline is the second most important vector of 
malaria in Massachusetts. Since malaria is not a problem at the present 
time, vectors of malaria are not on immecicte concern, This species is 
state-wide in distribution but is numerically unimportant. Of the five 
Anopheles, it is third in nwaerical importance. Larvae were collected 
from rivers ond streams, marshes and swomps, ponds and lakes, exccvations, 
a puddle ard a water trough. The species breeds principally in sparsely 
settled arease Adult collections were fow; seven specimens were captured 
in houses. The seasonal predominance of tais species is apparently in 
July and August; this observation, however, is based on relatively few 
collections. 


Anopheles punctipennis 


Although 4, punctipennis may transmit malaria expcrimen- 
tally, it is not an important natural vector. lt is, therefore, unimportant 
except as a nuisance, It is by far the most numcrous Anophcline, and was 
collected in most of the cities and towns in Massachusetts. The larvae are 
ubiquitous in their breeding habits as can be scen from the list of brecd= 
ing places. In this respect, it rcsombles C. apicalis and C. pipicns. Fre- 
quently the adults were captured in houses. Some were caught on man and a 
few in stables. Although more numerous in rural sections, urban commun-= 
ities were not free of theme The species continues at about the same level 
throughout the mosquito season, with a tendency to increase, until the onset 
of cold weather. The sudden rise in adults curing the second half of Octo= 
ber, is probably duc, not to an actual increase in the species, but to the 
small number of total collections of adults, 


Anopheles quadrimaculatus 


This mosquito is the important malarial vector in the Uni- 
ted States. It is an avid biter and was collected from all sections of the 
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state. The larvae breed ubiquitously. Most productive brecding places were 
rivers and streams, ponds and lakes and marshes and swemps, The adults were 
pie coaly in densely as well as sparsely populated areas. Many adults were 

captured in buildings, some in barns and a fow on mon. This species was 
most predominant during August and September. Fow were found in July, due 
no doubt to the lack of rain, 


As the chief vector of malaria, A, quadrimaculatus is a 
concern of the public health cfficial. However, et at the present tine, mal- 
arin is rere in Massechusetts and there is no apprehension over this vee~- 
tor's wide geographical distribution, 


Anopheles walkeri 


Due to its smail numbers, A. walkeri is unimportant as a 
vector of malaria, It was collected throughout the state, The larvac were 
found from July through October, Most of these were collected at othpr than 
regular collection voints. The adults were captured in houses and in the 
vicinity of stables, horses and mules. The seasonal distribution of this 
species cannot be determined from the collections, but most of the adults 
were cought in August. The apparent increase of adults late in October may 
be due to the small number of collections made at that timc, 


Culex apicalis 


Because this species is known not to bite man it ne 
public health importance. C, apicalis*and C. pipicns are the two inchbt nu- 
merous mosquitoes in the state. The The former breeds an: anywnere and everywhere 
and was collected from all types of breeding places, often in association 
with other specics. It is found ‘in rural ‘and urben sections. Adults onter 
houses in large numbers, and a few adults were caught in stables and barns. 
Six specimens were captured on ma 


The karvae wore most numerous in July and gradually de- 
croased as the season advanced. ‘The adults, however, increased as the sea-= 
son advanced. They apparently survive until the advent of cold weather. 


Culex pipicns 


Ais the most numerous species in the state and as a vicious 
biter, C. pipiens is a nuisance in many parts of the Commonwealth, It was 
collected fron simost every town and city, Larvee are ubiquitous and breed 
in all types of breeding places, appearing in successive broods throughout 
She season, The adults were so numerous that they were captured everywhere, 
C. pipicns was collected in houses, in barns and in stables more often than 
other species, It will bite man in the open. Tho species steadily increased 
in number throughout the season but was most prevalent in Septomber and Oct-= 
ober. 


Experimental transmission of equine encephalomyelitis has 
been unsuccessful with this species; hence, C,. pipiens is important only as 
a nuisance, 


Culex salinarius 


—_——— oe 


This mosquito is important only as a nuisance. It is far 
less numerous than C. Fe oat Its geograpiical distribution is state-wide. 
The larvae were collected from all types of breeding places in both rural 
and urban sections, Adults were frequently cavtured in houses, some were 
caught in barns end stables, and a few on man in the open. Like C, pipiens 


this species continued to increase in numbers as the season advanced. Col- 
lecticrs were most frequent in late September and October. 


Culex territans 
nee 

Except as a@ huisance this mosquito is of no importance. 
It was collected throughout the state. The larvae are almost as ubiquitous 
as those of C. pipiens and breed in many different types of water. Collec 
“tions were made in both rural ard urben communities. Adults were frequently 
captured in houses, 2 few were caught on men, ond occasional collections were 
made in berns and stables, There was no definite seasonal predominance, The 
species was numerous at ell times although adults increased with the advance 
of the season. 


Mensonia perturbans 


This mosquito is a fierce biter anc wes the cause of many 
complaints, It is state-wide in distribution and is important because of its 
large numbers. The larvae, which attach themselves to water plants, wer 
collected in small numbers. The bbianait caught in houses and in barns 
a stables almost as frequently as C. pipiens, and during the svring and 

arly summer were a chic? nuisance cere; th rey were captured more often 
on mon than eny other species except As sollicitons, This species cannot 
transmit —. encephaiomyclitis in tne  Taboratory urd, “nelteg, I> wr” 


portance only as a nuisance, 


There was ¢« definite scasonal predominance; the adults 
were most numerous in July, and gradually decreased in number therecftcr, 


Orthopodomyia signifera 


Larvae of this specics were collected in the town of Sud- 
bury from a wooden barrel containing rein wator. Several collections were 
made during the 32nd week (August 6-12). 


This is the first time this genus wes recorded from Mess-= 
achusetts,. It is of no importance, as it is not known to bite man cand is 
very rore. 


Psorophora ciliata 
This specics is one of the largest mosquitoes of Meassachu- 


setts and is a fierce biter. It is rare end was collectcd only in the Conn- 
ecticut River Valley end on Martha's Vineyard, a large islsnd south of Cape 


Cod.S3ecause of its small numbers it is of no importance as « nuisance.it is not 
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known to transmit disease. The adults were captured in June and August and 
the larvae in July. 


Psorophora columbiae 

elke “~“Only larvae were collected of this species. It is said to 
be a fierce biter but is too rare to be of any public health importance, The 
larvae were collected in Hampshire County in July and August. 


Psorophora posticata 


"This species was reported from Massachusetts by Johnson. in 
1925. It is rare and was not collected during the Survey. It is said to be 


a severe biter. 


Theobaldia inpatiens 


ee ee ed 


The genus Theobaldia. is rare in Massechusetts. l1t was col- 


‘lected in this state for the first time during the Survey. Iwo collections 


of adults were made in northern Massachusetts in August anid the other in Sep- 
tember. No larvae. were found. This, species is said not. to be.a persistent 
biter, and is of no public health importance, 


Theobaldia inornata 

“—" Three collections of adults were made of this rare speciés. 
The specimens were. captured in August and September. . No larvae were found. 
It is of no public health importance. 


Theoboldie. melanura 

~s—~<is” SO the genus Theobaldia, this species is most numerous. It 
was collected throughout the state, Larvae were found in largest numbere. 40 
marshes. and swamps, ponds and iakes, rivers and streams and root. holes in 
sparsely settied areas. Both adults and larvae were found throughcut the sea- 
son. Adults were captured on man and also in buildings. The apparent in- 
erease in adults late in October consisted of only two collections, which, 
however, represented 4.8% of the total. This number is too small to be sig- 
nificant., This species is not a vicious biter and has. no. public. health.im- 
portance. 


Theobaldia morsitans 


; . is mosquito is rare in Massachusetts ond is unimportant 
aS.anuisenee. It was collected in small numbers throughout the state. Lar- 
vac were collected most frequently in cranberry bogs. The adults were col- © 
lected only once in a house. Collections were too few to:furnish information 
as to the habits and seasonal prevalence, This species is not known to trans- 
mit; disease. 


Uranotaenia sapphirina 


Being the only species of this genus in. Massachusetts, this 
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mosquito is unimportant as a nuisance and is not known to transmit disease, 
It is state-wide in distribution, Larvae were collected most frequently in 
marshes, swamps, vonds, lakes, rivers and streams in rural areas. The adults 
were captured less often than the larvee and were not found to bite man or 

to enter houses. The larvae were most numerous in August, whereas the adults 
were captured too seldom to give an indication of their seasonal prevalence. 


Wyeomyia smithii 


A very rare species, W. smithii is of no importance except 
to the entomologist. The larvee were collected at the tip of Cape Cod and 
the adults in the Berlsshires. This species breeds in pitcher plants and is 
difficult to collect. It, no doubt, breeds in many marshes and swamps where 
pitcher plants abound, 


Chaoborus Species 


The sub-femily Chaoborinae consists of several genora of 
mosquitoes whose proboscis is not ¢ adapted for bioodsucking, The larvae of 
these mosquitoes are predatory and are of importance only in that they may 
destroy the larvac of tho Culicinac, or biting mosquitoes, However, this 
method of natural control is not very effective and all the Chacborinac are 
of little importance except to entomologists, aA ean 


The species of the various genera were not routinely iden- 
tified. Chaoborus is a genus which is state-wide in distribution. Adults 
and larvae were collected throughout the duration of the Survey. 


Corethrella 


Corethrel ta is another genus of the sub-family cf Chaobor- 
inae, the non-biting mosquitoes. It is, therefore, of no importance except 
as a predator on other larvae. 


Mosquitoes in this genus were not routinely identified by 
species. One species C. brakelevi is reported here for the first time in 
Massachusetts. Collections in eastern Massachusetts were limited to larvae 
during July and September. 


Dixa Species 
This genus of non=biting mosquitoes is the most numerous 
of the Chaoborinae whose larvae are predatory on other mosquito larvec. It 
eas eee 
is state-wide in distribution. Larvae were collectod from rivers and streams 
and from still water, Adults were collectcd only twice in southern Massachu- 
setts. Collections were most numerous in Ausust cnd September, 


Because of the small numbers of oll the Chaoborinae, their 
predatory habits have little effcct in the naturel control of the Culicinae,. 


Eucorethra undcrwoodi 


As a non=biting mosquito this specics is important only as 
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a predator on the larvae of other species, It is rare and was collected 
in two places; Savoy in the Berkshires and Yarmouth on Cape Cod. ‘the lar- 
vae were collected in streams. Vo. adults were found. 


Mochlonyx Species 


This genus belongs to the sub-family Chaoborinae which are 
non-biting mosquitoes. Except as a predator in the lervac of biting mosqui- 
toes, it has no importance. This genus was collected in Barnstable, Dukes 
and Plymouth Counties, all in southeastern Massachusetts. Only larvae were 
collected in both running and still water. 
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CHAPTER XVI 
CONC shit OW 
THE MOSQUITO TRANS SSION OF 
~~ EQUINE ENCED TOTES 


Se ee 


on me ee oe 


Upidemiological investigations have supported the laboratory ob- 
servations that mosquitoes are capable of trensmitting equine encephalonyv- 
elitis. Field observations reveal the confirmatory evidence that mosquitoes 
are abundant during outbreaks of this disease. During the Massechusetts 
epidemic of 1938, mosquitoes were observed to be unusualiy numerous in the 
same area wnere the disease was prevalent. It was observed that the disease 
moved, principally to the northeast, in the direction of the prevailing 
winds; and, it has been postulated, that mosquitoes were carried by these 
winds, thereby causing & rapid spreed of the disease. 


Date, collected: by.the Survey, has furnished additional epidemi- 
ological support to the mosquito transmission tkeory of equine enccephalomy- 
elitis. 


le Sennonal Erevelonoe of Ve ctor and Disease ( Covrespond For the effective 
transmission of a mosquito-vorne disoase, thcre must be « certain mininal 
numerical ratio between the vector, host and would-be host. Whon the vece 
tors are unusvally prevalent, this ratio riscs, and conditions for increased 
transmission are present. In 1938, the outbreak reached « peak in late Au- 
gust and carly September. In.1959, the scasonal prevalcnee of mosquitocs wa 
determined. ‘Whereas the genus Acdes was more abuncant in spring cand nd. 
summer, the vectors, Acdo atropal; alpus, A, A. cantator, A. sollicitens, A. tae 


= ee ee ee ee ne ee ee ete ee eee 


niorhynchus, A. tris crictis and “A. vexcns wore most uumerous in Ausust af 

September. Tho consonal prevalence of tho vector and of tho discase corres= 
pond. Therefore, concitions most conducive to the transmission of the virus 
exist in the late summer and early autumn. The unusucl cbundance of mosqui- 


toes in 1958 provided optimal conditions for the outbreek. 


@e Geographical Distribution is the Same The vectors of equine cnecphalo- 
myclitis were prcsont in thesc crocs whore, formerly, thc discsse was prcs- 
ent. Four of thc vectors, A. sollicitcns, A. ccntctor, A. A. voxans and A,tri- 
Sebicie woro folkd in the ‘aren whore most of tho ocsca.cxistod. Only two 
vectors, A. vox ens and Ae A. triscrictus were present inall places where cases 
occurred. A. triscrictus, however, was found to be only 1/sth to 1/15th as 
numerous «s A. voxans, cherefore, statistically, yr secas that A. voxcns is 


the most important vector of cquine enecphclomycliti 


5. Acdes vexcns is the Most Probable Natural Vector Further confirmatory 
evidence in the support of A. voxsns as the vector is found in the distri- 
bution of cquino cncophalomyelitis cases in 1939. Twelve cases, which are 
Spotted on liap V , were diagnosed by the Massachusetts Depertmcnt of Agri-g 
culture. Although most of thesc were diagnosed on clinical findings, the 
virus wes isolated from the brains of two horses which had lived and died 
in the towns of Now Braintree and ‘iestborough. These towns are so far in- 
land thet no salt marsh mosquitoes were coliccted and the probability of a 
mosquito of this group infecting these horses is negligible. The nearest 
brecding place of the salt marsh vector wos twonty milcs from Westborough 
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and over fifty miles from New Braintree. Fifteen miles away from their 
breeding places is the greatest distance at which the adult salt marsh 
mosquitoes, A. sollicitans and A. antator, were collected, Whon wind- — 
borne, both species have boon recorded to fiy farther. Here, however, the 
provailing winds in the summer and carly autumn blow from the west avid 
southwest. Salt marsh mosquitoes would have to fly against the wind for 
twenty to fifty miles to reach tiese two towns. Furthermore, long flights 
of saltimarsh mosquitocs are a rare phenomonon, so, statistically, tho 
chenees of «a fow adults surviving such long flights ore almost negligible, 
Allthese facts point to a mosquito other than the salt marsh Acdes as 

the carrier. Only two vectors were found in this aroa, A. trisoriatus ond 
A. vexans. Since A, vexans is five to fifteen times as numerous as the for- 
mer, statisticelly, A. vexans is tho most probable vector responsible for 
the infcetion of theso horses, 


4. Age Distribution of Casos is Explained by the Bionomics of Vectors The 
termination of tho bicnomies of tho vectors of couine oncepha vLomyelitis of-= 
fers explanations of severel phenomena observed in the 1938. outbreak, Twonty- 
six percent of the cases in man were infsnts under one vear of age, pail dole 
ty percent were children under ton. Although detailed information about in+ 
dividusl cases has not becn obtained,. the hich attack rate among the younger 
age groups may be explained by the following observations. During the sum-" 
mor, infents are often left to sleep outdoors, sometimes without. protective 
netting, and are uneble to defend themsclves against mosquitoes. Moreover, 
children undor ten who play outdoors the greater part of the day are less ef- 
ficient then clder groups in protecting themselves as thoy do not react to 

a mosquito until it has bitton thom. Thus, indications are that infants and 
children who slocp or vlay outdoors are more apt to be bitten then oldor in- 
dividuals who, taught by expericnce, react to the buzzing or alighting of 

& mosquito, 


Of all mosquitocs capturod on man outdoors, sixty percont wero vec- 
tors, whilo only six, percent of those cought indoors:were cerriers. ° There= 
fore; the. chantes are thréo out of five that oa mosquito which has’ bitten an 
individucl: in the open is a vector, while indoors the chances are three out . 
of fifty that the biting mosquito is a carrior, These findings explain why 
infants ond children comprise such se high proportion of the cases. 


o. Vectors Bite Horses Outdoors It was observed that horses which spent the 
greater part of their oxistence outdoors, formed the larger portion of the 
cases, Data collected during the Survey indicates that the vectors cre more 
likely: to bite in the open rather then indoors, Hence, horses which cre out- 
doors are more: apt to be infected... 


6. Summary of Conclusion The summation of these facts establishes the the- 
ory of tho moscuito transmission of eauine encephalomyelitis on an epidemiol- 
ogical basis. Laboratory experiments have demonstrated mosquito. transmission 
of-.the disease. The: corlLined evidence of the laboratory and the ficld is 
tentamount to proof of this theory. Although some individuals may not con= 
Sider necessary the finding of a mosquito which is naturally infected with 
the virus of cquine encephalomyclitis, this discovery is, nevertheless, a 

- logical ssequci) to the oxperimentel work in the proof of this theory. 
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CHAPTER XVII 


SUMMARY 


MOSQUITO-BORNE DISEASES IN MASSACHUSETTS 


7, Various investigators have observed that mosquitoes wer? abute- 
dant during outbreaks of equine encephalomyelitis and suggested that the di- 
sease may be mosquito-borne. Experiments conducted in several laboratories 
have demonstrated that certain Aedes mosquitoes can trensmit the disease. 
The theory of mosquito transmission was, thereby, established upon experimen- 
tal evidence but needed further epidemiological confirmation, 


2. During August and September of 1958, an outbreak of the eastern 
veriety of equine encephaiomyelitis in southeastern Massachusetts reached a 
peak, About three hundred horses succumbed to the disease. In men there were 
thirty-four cases, 26% of which were infants under one year of age and 70% 
were children under ten, The disease ran a rapid fulminating course with a 
case fatality of 74%. A follow-up of the eight survivors one year later, re- 
vealed the presence of sequelae in 83%. 


2. The Mosquito Survey was organized by the Massachusetts Depart- 
ment of Public Health in cooperation with the Work Projects Administration 
to determine “the prevalence, and seasonal and geographical distribution of 
mosquitoes throughout the Commonwealth", and to ascertain the relationship 
of these insects to equine encephalomyelitis and other mosquito-borne dis- 
eases. 


4, At the present time, malaria is the only other mosquito-borne 
disease in Massachusetts, Three epidemic waves have spread over “he state 
in the past 150 years. Twenty-five years ago, malaria was endemic in three 
areas in the state. During the past ten years, however, there were only 
eleven cases which were naturally acquired within the state. Although malar- 
ia is not prevalent now, it may be reintroduced and become a serious problem. 


5, Several other mosquito-borne diseases may be introduced into 
Massachusetts, namely, yellow-fever, which was epidemic here in the 18th cen- 
tury, dengue and filariasis, both of which are endemic in the south, Two 
diseases suspected of mosquito transmission which may become local problems 
are St. Louis encephalitis, which has not been reported in this state but 
which is widesvread throughout the United States, and lympnocytic choriomen= 
ingitis, which is being diagnosed in Boston at this time. Formerly, poliomy- 
elitis was suspected of being spread by mosquitoes, but evidence indicates 
that it is nct transmitted in this manner, 


6. The most effective control of mosquito-borne disease is the 
control of vectors. Some measure of control may be obtained by the immun- 
ization of susceptibles, as in yellow fever. With the exception of the vac-~ 
cine for the protection of horses against equine encephalomyelitis, this meth- 
od is not applicable to other mosquito-borne diseases. Control of these dis- 
eases, therefore, depends upon effective control of the vectors, However, be- 
fore a mosquito control progrem is launched, data on the bionomics and the 
seasonal and geographical distribution of the vectors must be obtained by a 
survey. 
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THE ADMINISTRATION OF THE MOSQUITO SURVEY 


7. In 1939 from Jume to November inclusive, the Survey was made 
throughout the state. One hundred seven Work Projects Administration col- 
lectors and volunteer collectors solicited through the cooperating local 
boards of heaith, submitted 278,887 specimens in 49,251 collections, An 
office personnel of thirty-two Work Projects Administration employees ad- 
ministered the Survey end prepared the report. The field and office person- 
nel was under the direction of a project supervisor, Nine entomologists 
employed by the state, made special collections, identified ths specimens 
and assisted the technical director of the Survey in supervising, directing 
and administering the Survey. ; 


8. Work Projects Administration supervisors, fcremen and assistant 
foremen, and the heads of the various office departments were given a one 
week training in a course consisting of lectures, laboratory exercises and 
field trips, These individuals, in turn, trained members of their crews in 
the recognition ond collection of mosquitoes. A bullotin entitled "Training 
Course for Field Personnel" containing the lectures given during this week 
was published by the Survoy. 


9. The field personnel consisted of five supervi sors whe directed 
inci crevs distributed throughout the state and averaging five men. Each 
crew was provided with two automobiles; one was used by the foreman to visit 
boards of health and groups of volunteor collectors, while the other was used 
to transport tho crew. The plan of the Survey called for weekly collections 
in every town in the state. Therefore, each crew was given a sohedule which 
provided for collections in each town to be made by one man, one day cach 
week, The crew mombers were trensported to the towns where they welked be- 
tween the collection noints. Av the end of the day they were met by the auto- 
mobile at a designated place and brought back to the headquarters. 


10. In orcer to obtain data on the ecology and bionomics of mosqui- 
soes, collections wore made weekly at regular collection points. The collec- 
tion point was defined as an area with a radius of one hundred yards. These 
points were spotted on maps and surveyed on special forms. Labels accompanied 
each collection, and contained information on conditions at the time of the 
sompling. 


1. Special collections were made with light and animal~baited traps 
on farms where cases of equine encephulomyciitis were reported. Unfcrtunately, 
due to adverse conditions, small numbers of moscuitoes were collected, and no 
true sempling of the mosquito fauna wos mede in the environment of cases. 


12. Permanent collections of larvae, adults and hypopygial mounts 
were prepsred, A new koy for the identification of mosquitoes was published 
in Psyche 45: 113-136, December 1939, 


13. The data gathered by the Survey was summarized on special forms, 
and then analyzed on the ninety~hole punch card. Two sets of cards were used. 
One set consisted of datu assembled from regular collections, and was used to 
obtain facts on the bionomics and ecology of mosquitoes. The second set con- 
tained all the data collected in the Survey, and was used to determine the 
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prevalence, and seasonal and geographic distribution of the different spe- 
C1eES © 


14, Numerous bulletins were released during the Survey, including 
the training course for collectors, and a series of pamphlets entitled "Mass= 
achusetts Mosquitoes". The cbjectives of these publications were to: 

1, Promote the enrollment of volunteer collectors, 

2, Inform all collectors how to distinguish mosquitoes from related 
- insects, and how to collect larvae and adults. 

3. Impart information about mosquitoes to the public. 

4, Report the results of the Survey. 


15. Material for a series of public exhibits on mosquitoes and 
their relation to disease were prepared by the Survey. These exhibits are 
being displayed at the Food and Drug Show, The New England Museun of Natu- 
ral History, the annual convention of the Massachusetts Medical Society and 
the Eastern States Fxposition. 


MASSACHUSETTS MOSQUITOES 


16. Collections of mosquitoes were made without selection, so as 
to have a true sample of the mosquito fauna. There was no significant as- 
sociation between the sizes of the communities, both in area and population, 
and the number of collections, The average number of collections per town 
was 106, and the average per square mile was nine, Over 85% of the collec- 
tions were made by the Survey personnel. 


17. The effect of meteorological conditions upon the provalence 
of mosquitoes may be summarized as follows: 

1. Increased rain results in increased prevalence about twce weeks la- 
tex 

2. The accumulation of excess degree days of temperature results in in- 
creased prevalence. 

3. The prevailing winds from the south and southwest carry adults from 
salt water breeding places inland to the cast and northeast. 

4, The peak of the 1938 outbreak of equine encephalomyelitis occurred 
about four weeks after rain, This interval of time is sufficient 
for mosquitoes to develop, become infected, undergo an extrinsic 
incubation period, and infect horses, which become ill in three or 
four days. 


18. The collections of larvae from different types of breeding 
places was unselected, and consisted of true sampling. There was no sta- 
tistical significant difference in the number of species breeding in the 
various types of placese Collections of larvae were most numerous from 
rivers, streams, ponds, lakes, marshes and swamps. The occurrence of the 
various specics in twenty types of breeding places is described in detail. 


19. The vast. majority of adult mosquitoes were collected by placing 
the killing tube over the resting insect rather than by sweeping with the nete 
Of the 1,977 mosquitoes caught on man outdoors, Aedes sollicitans was the most 
numerous, The vectors of equine encephalomyelitis comprised 59.9% of these 
Specimens, Of a total of 3,130 adults captured in houscs, Culex pipiens was 
the most numerous, and the vectors of equine enccphalomyelitis comprised only 
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6% of the total. Only 211 apennnens were collected in barns and stables; 
here, Culex pipiens was the most numerous, and the vectors of equine en- 
cephelonyelitis “comprised about 16%. 


20, Of the six vectors of equine SRS OPAET CaRO 11 Vie hoses. center. 
A. sollicitans and A. vexans cach constitute about 30%, and A. atropalpus, 
A, triseriatus and A, taeniorhynchus together comprise 10%, “The prevalence 
of vectors in the counties varied significently. Vectors constituted over 
75% of the adult mosquitoes captured in Dukes County, 21 to 30% in Barnstabilo, 
Essex and Norfolk Counties, 11 to 20% in Bristol, Franklin, Hampden, Plymouth 
and Suffolk, and less than 10% in Berkshire, Hanpshire, Middlosex and Worces- 
ter Counties. Vectors comprised 25.6% of the total adult collections in the 
state. In the coastal areas, A, sollicitens was usually the most numerous 
vector, In ell other parts of the state A. ~ _vexans wos the prevailing vector, 


and from five to fifteen times as muerous os other vectors, 


21, There are five Anopheles mosquitoes in Massachusetts, all of 
which may act as vectors of maiaria, f£, Quadrinaculatus, however, is the on- 
ly important vector, and is state-wide in distribution. A A. punctipennis is 
the most numerous, and, because of its large numbers, may pisy & role in the 
transmission of malaria. A.  meaculipennis is mach less numerous, A, walkxeri 
and A, crucions are both rare. Whereas only 0.5% of the adults cc cptured on 
man outdocrs wei ‘¢ Anopheles, 16% of those caught in houses were malaria vec~ 


tors. Anopheles enter houses much nore frequently than Aedes, 
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22. In Massachusetts, there are nine genera of Culicinae and five 
of Chaoborinac, The former are provided with 2 proboscis For bdloodsucking 
and contain fcrty-one srecies; three, fnopheles crucicns, Psorophora coium= 
bise and Theobaldia inmpatiens were collected by the Survey for th> first time 
in Massachusetts. ‘Thc Chaodorinae are important only because their larvae 
are predatory on those cf other species. There ore fifteen specics of these 
non-biting mosquitoes in this state. All of them are rare and, herce, unim- 
portent as a methoc of natural control of mosquitoes. Two species, Bucorethra 
underwoodi and Corethrella brakcleyi were found by the huriey for the first 
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time in Massachusetts. The prevalence, seasonal and geographical distribution, 


‘bionomics of larvae and adults, and the public health importance of each spe-~ 


cies is discussed in detail, The following table lists the svecies of Massao- 
chusetts mosquitoes. 


253, The epidimiological and entomclogical data collected by this 

Survey supports the laboratory evidence that equine encephalomyelitis is trans- 
mitted by mosquitoes, The occurrence of the disease, and the vectors in the 
seme area, has been established. The seasonal prevalence of the disease and 
the vectors has been found to be the same. The bionomics of the vectors have 
been studied,and it has been ascertained that vectors of equine encephalomyel- 
itis prefer to bite man and animals outdoors rather than in buildings.Sonme of 
the observations made during the 1938 outbrec:k are explained by these findings. 
Small children and infants, who comprised 70% of the cases, are that portion 

of the population which, during sumer, spends a larce portion of its time out- 
doors end, at the same tine, is least able to protect itself from mosquitoes. 
It is to be expected that this group would be bitten more often by the vectors 
which were collected on man outdoors ten times cs often as they were caught in 


t 


,| 
fi2 
i 


The nosquito tyontentinetan of echadidics ln al is, 8, 

f my established on a laboratory, epidemiological and ontonological basis. 
ne proof of this theory may not be obtained for mony years, but the find~_ 
of a mosquito naturaily infected with the virus of equine encephalonyel- 
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SUBFAMILY CULICINAE 


Aedes atropalpus 
A. aurifer 
A.canadensis 
A.cantator 
A.cinereus 
A.communis* 
A.dorsalis 
A.excrucians 
A .fitchii 
A.hirsuteron 
A,implacabilis 
A.impiger* 
A,incrudens 
A.pinctor 
A.sollicitans 
A.stimulans 
A.taeniorhyrchus 
A.trichurus 
A.triseriatus 
A, trivittatus 
A.vexans 

Total Aedes 


Anopheles crucians** 
A.maculipennis 
A,.punctipennis 
A.quadrimaculatus 
A walkeri 

Total Anopheles 


Culex apicalis 

C pipiens 

C.salinarius 

C territanc 
Total Culex 


Mansonia perturbans 


Orthopodomyia signi- 
ferax* 


Psorophora ciliata 
P,columbiae** 
P.posticata* 

Total Psorophora 


TABLE 3 
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ADULTS 
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—— ee ee 


60 
542 
770 

1326 
471 
0 

4 
485 
196 
7 

29 


MOSQUITOES” OF MASSACHUSETTS 


Noe Pt mae 


Collections 


41 
186 
301 
599 
206 
0 
4 
268 
95 
4 
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“Noe of 
Specimens 


995 
O 
495 
2704 
482 
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79 
41 
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78944 
103138 
2215 
253535 
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spurge LARVAE 


“Nov of: Geri Ti: Ne. ef No. oF 
specimen Gallections ii Specimens Collections 
SUBSEMILY ULICINAE | his 0 Be te ie 
| seeaobeigia 3 impatiens** a 3 ae 2 
T.inornata _ er seigG MO OOGEIOD 6 
T .melanura | ig eit 
T morsitans | a 6 eo ks 
Total Theobaldia 65 63 BOeE ro RBBie A 


| 
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Uranotaenia sapphirina 19 —§ 12 2318 10% COED +h 


Wyeomyia smithii 9 1 16 6 Essien wd 


Total CULICINAE | y.4b4. 22% 7,933 249,603 1 89,262 


_ SUBFAMILY CHAOBORTNAR++# : alonti od 
Chaoborus 41 16 57 » 2O- FL? 
C,albatus f aes nrae ts Ey? 
Chaoborus albipes: 0 ( 0 5 to toBaeA 
C ,americanus we Gd Os vos pithy tokl fateh 

C punctipennis BE or rei vet tay 
C,trivittatus ; BA na aii rosa Limese ol. 
Total Chaoborus: ys ae 1 oe TS °° capt A 


Corethrella brakeleyix** o o) 14 eusedtivgsiA 


Dixa — Oot li Geet 6 195 neboh [apt 
D.centrelis Sam ee . 
Declavata Bs . teretouis. sez otgous 
D.cornuta | rifsonma.d 
D.modesta . | H . tinea isons 
D,notata : iad Je Weise rir ba a Cage eh 
Total Dixa ft 2 th B. aS oe: 


ie 


Bucorethra underwoodi** 0 0 “—~ 


Mochlonyx ECR Oo ss ) Bs 24 ota. 
Mecinetipes © ue 4 1 d-cetd Gee. Dd 
M.fuliginosus BGS , watbited,D 
Mekarnerensis = aa (oot oid Lavo? 
Total lMochlonyx “Oo 3} Mt oe 


ata Ae aha f wi, 


Total CHAOBORINAE 52 22 278 125 
is iegte atymohoqeritg 


GRAND TOTAL — 25,686 0 7,966 249,881 39,386 
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E x Not collected by Surnegh 4 ‘osicauloss T 
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aah a i HK Species no R er teeter Mint ified by Sur 


yy F i ay 


